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ABSTRACT 

This report  describes the acceptance t e s t  f i r i n g  o f  the Saturn 
f l i g h t  stage S - I B - 2  conducted a t  the S t a t i c  Test  Tower East,  Marshall 
Space F1 ight  Center (MSFC), Huntsvi 1 l e ,  Alabama. 
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FOR EW 0 R D 

This  repor t ,  prepared by Chrys le r  Corporat ion Space D iv i s ion ,  
Systems S t a t i c  Test Branch, presents the r e s u l t s  o f  acceptance t e s t  
f i r i n g  o f  the Saturn f l i g h t  stage S - I B - 2 .  Acceptance f i r i n g s  o f  Saturn 
S - I B  stages a re  performed by Chrys le r ’ s  Space D i v i s i o n  f o r  the Nat ional  
Aeronaut ics and Space Admin i s t ra t i on  a t  the George C. Marshal l  Space 
F l i g h t  Center under Contract  NAS 8-4016, I tem No. 2, S t a t i c  Test 
Ope ra t i ons .  
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SUMMARY 

This report descr bes the acceptance test firings of the Saturn 
flight stage S-IS-2 wh ch were conducted at the Static Test Tower East 
(STTE), Marshal 1 Space F1 ight Center (MSFC) , Huntsvi 1 le,Alabama, 
during the period June 19 to August 2, 1965. 

Tee+ SA-23 was terminated at time for comnit due to the number 
2 Thrust OK pressure (TOP) switch on engine 4 not being picked up at 
this time. An automatic thrust failure cutoff resulted. 

The short duration test SA-28 and the long duration acceptance 
test SA-29 were both successful. These tests were conducted on July 9 
and July 20, respectively. 

Test duration for test SA-27 was 3.002 seconds from ignition 
comnand to inboard engine cutoff. 
35.192 seconds from ignition command to inboard engine cutoff with 
cutoff being initiated by the firing panel operator. Inboard engine 
cutoff for test SA-29 was given at ignition command plus 143.285 seconds, 
0.5 second after the LOX low level sensor in LOX tank 0-2 was uncovered. 
Outboard engine cutoff was initiated by the switch selector approxi- 
mately 1 second after inboard engine cutoff. 

Test duration for test SA-28 was 

For tests SA-28 and SA-29, a signal was j umpered to the a1 1 -  
engines-running relay from the launch sequencer which energized 
this relay at X - l  second regardless of TOP switch conditions. This 
assured that a trust-failure cutoff would not be given until after 
commit when cutoff would result from two TOP switches droppi,ng out. 

Engine operation and performance were satisfactory during tests 
SA-28 and SA-29, with all engines producing thrust within the specified 
limits of 200,000 pounds - + 3 percent. No reorificing was required. 

An investigation of the occurrence and cause of ripples found 
in previous Saturn,booster stages was conducted on stage S-IB-2. 
A total of five permanent ripples, found in fuel tank F-3 following 
the long duration firing, are attributed to differential thermal 
stresses caused by exposure to the exhaust plume. Preventative 
measures will be taken to protect subsequent stages from this thermal 
environment. Results of this investigation are presented in Section 4 
of this report as well as in Section 4 of the "Preliminary Static Test 
Report, for Test SA-29.'1 
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LOX and f u e l  tank ing computers were i n s t a l l e d  and used f o r  the  
f i r s t  t ime a t  S t a t i c  Test.  The LOX computer was used t o  top LOX i n  
the  p rope l l an t  loading t e s t s  as w e l l  as f o r  t e s t s  S A - 2 7 ,  S A - 2 8 ,  and 
SA-29,.  The f u e l  computer was used f o r  mon i to r i ng  purposes on ly .  
The operat ion o f  both computers was s a t i s f a c t o r y .  

Dur ing thus t  chamber j a c k e t  f l u s h i n g  operat ions f o l l o w i n g  t e s t  
S A - 2 9 ,  a leak was observed a t  engine 1 ,  tube 285, 3 inches above the  
r e t u r n  manifold.  

The modi f ied gimbal boots which u t i l i z e d  the l aye r  o f  a lumin ized 
f a b r i c  bonded t o  the inner boot were burned severe ly  du r ing  s t a t i c  t e s t .  
These boots a r e  unsat is fac to ry ,  and t h e i r  use should be d iscont inued,  

The performance o f  a l l  o the r  stage systems was s a t i s f a c t o r y .  

2 



SECTION 1 

I NTRODUCT I ON 

The aborted shor t  du ra t i on  s t a t i c  f i r i n g ,  t e s t  SA-27, o f  stage 
S-IB-2, was conducted on J u l y  8, 1965. 
t e s t  SA-28, was conducted on Ju ly  9, and the  long du ra t i on  acceptance 
f i r i n g ,  t e s t  SA-29, was conducted on J u l y  20. 
by Chrys le r  Corporat ion Systems S t a t i c  Test Branch. 

The shor t  du ra t i on  s t a t i c  f i r i n g ,  

These t e s t s  a re  performed 

Stage S-IB-2 is' t h e  second o f  t h e  Saturn 200 se r ies  booster stages 
t o  be manufactured by t h e  ChrysJer Corporat ion Space D i v i s i o n  (CCSD). 
The s tage was shipped from the  CCSD manufacturing t a c i  i i t y  a t  Micnoud, 
Louis iana, on June 12, 1965, and i t  was i n s t a l l e d  i n  t h e  STTE on 
June 21. The stage was removed from the  tower on J u l y  29 and departed 
t h e  MSFC dock by barge on August 2. 

Four major t e s t s  were required f o r  checkout and acceptance o f  
stage S-IB-2: the simulated f l i g h t  t e s t  w i t h  f u l l  f l i g h t  pressures, 
t h e  p rope l l an t  loading t e s t ,  the shor t  du ra t i on  confidence f i r i n g ,  and 
t h e  f u l l  du ra t i on  acceptance f i r i n g .  A1 1 t e s t s  were success fu l l y  
performed . 

The pr imary o b j e c t i v e  o f  the s t a t i c  f i r i n g  t e s t s  o f  t he  Saturn 
S-18 stages i s  t o  demonstrate the c o r r e c t  f unc t i ona l  performance and 
opera t ion  of t h e  a i rbo rne  systems under s imulated launch cond i t ions .  
The sho r t  d u r a t i o n  s t a t i c  f i r i n g  c o n s t i t u t e s  a confidence t e s t  t o  
v e r i  f y  a i  rborne/ground c o n t r o l  system compati b i  1 i t y ,  t o  check out 
ins t rumenta t ion ,  and t o  o b t a i n  engine t h r u s t  l e v e l  data. The long 
du ra t i on  f i r i n g  c o n s t i t u t e s  an acceptance t e s t  and confirms the  c o r r e c t  
opera t ion  o f  a l l  a i rborne  systems. The s p e c i f i c  t e s t  ob jec t i ves  a r e  
f u r t h e r  o u t l i n e d  as fo l lows:  

SHORT DURATI ON F I  R I  NG 

1. Performance check o f  t he  200K engines. 

2. Performance check o f  t h e  gimbal sys'tern. 

3. Performance check o f  t he  te lemetry system. 

4. Determination o f  LOX b o i l o f f  r a t e  and LOX b u l k  dens i t i es .  

5. Eva lua t ion  o f  p rope l l an t  tank  p r e s s u r i z a t i o n  t r a n s i e n t s  
w i t h  f 1 i ght  u l  lages. 
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L O N G  DURATION F I R I N G  

1 .  Determine p r o p e l l a n t  tank d r a i n i n g  ra tes  and terminal  
L O X  d r a i n i n g  c h a r a c t e r i s t i c s .  

2. Ver i f y  engine performance. 

3 .  Ver i f y  performance of t h e  gimbal c o n t r o l  system. 

4. V e r i f y  r e l i a b i l i t y  and performance o f  te lemet ry  system. 

5. Obtain L O X  b o i l o f f  eva lua t i on  da ta  and v e r i f y  b u l k  L O X  
dens i t y  obtained d u r i n g  i n i t i a l  tanking. 

6. Obtain f u e l  tank s t r u c t u r a l  data i n  an e f f o r t  t o  determine 
the  cause o f  f u e l  tank r i p p l e s .  

The s t a t i c  t e s t  c o n f i g u r a t i o n  o f  stage S-IB-2 i s  de f ined by 
drawing 60Cl0016. De le t ions  from the  f l i g h t  c o n f i g u r a t i o n  i nc lude  
the fo l low ing :  s t a b i l i z e r  f i n s ,  outboard engine shrouds, instrurnen- 
t a t i o n  c a n i s t e r  doors, and L O X  rep len ish  va lve .  Hardware add i t i ons  
i nc lude  the  fo l low ing :  s t a t i c  t e s t  holddown brackets,  upper stage 
deluge f i r e x  ring, inboard engine t u r b i n e  exhaust duct extensions, 
a u x i l i a r y  L O X  dome purge manifold,  t h r e e  f u e l  f i l l  and d r a i n  valves,  
and th ree  LOX f i l l  and d r a i n  val,ves. Block I l - t y p e  s t a t i c  t e s t  heat 
s h i e l d  panels,were used i n  p lace  of t he  ac tua l  f l i g h t  hardware 
except f o r  two s t a i n l e s s  s t e e l  honeycomb heat s h i e l d  panels which were 
i n s t a l l e d  a t  F i n  L i n e  I I  dur ing  t e s t  SA-29. Refurbished engine f lame 
c u r t a i n s  were i n s t a l l e d * a t  a l l  engine p o s i t i o n s  du r ing  t e s t s  SA-27 
and SA-28. For t e s t  SA-29, a f l i g h t - t y p e  f lame c u r t a i n  was used 
a t  engine 3 because o f  severe damage sustained du r ing  t e s t  SA-28. 
A per iphe ra l  t a i l  s k i r t  r a d i a t i o n  s h i e l d  i s  a l s o  included as a 
p a r t  o f  t he  s t a t i c  t e s t  con f i gu ra t i on .  

The f o l l o w i n g  sec t ions  o f  t h i s  repo r t  present t h e  r e s u l t s  o f  
t he  s t a t i c  t e s t  f i r i n g s  of stage S-IB-2. 
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SECTION 2 

, I  

ENG I NE SYSTEMS 

1 

8 

1 
8 

m 

Test SA-27 was terminated au tomat ica l l y  a t  t ime f o r  commit, 3.002 
seconds a f t e r  i gni t i  on command. because engine 4 Thrust OK pressure 
(TOP) swi tch  2 had no t  p icked up. Fuel pump o u t l e t  pressure a t  t h i s  
t ime was 965 p s i g  (measurement ;kPPlO4-4) as compared t o  t h e  s p e c i f i e d  
s w i i i i i  actuation i j r e s ~ i i r e  ~f 820 3 43 psig. The s \ = ? I t ~ h  picked ~ r p  
257 m i  11 i seconds a f t e r  c u t o f f  s igna l  was i n i  t i  ated and dropped out  
88 mi l l i seconds a f t e r  i t  picked up a t  a f u e l  pump o u t l e t  pressure of 
810 p s i g  (see GRAPH 2-1). 

A f t e r  the  aborted test ,  the TOP swi tches and r e l a t e d  e l e c t r i c a l  
c i r c u i t r y  were f u n c t i o n a l l y  checked w i t h  no anomalies discovered. 
Since a1 1 components were found t o  operate normal ly ,  t h e  mal func t ion  
was a t t r i b u t e d  t o  a random f a i l u r e  o f  t h e  switch.  

P r i o r  t o  t e s t  SA-28, t h e  TOP swi tch  harness on engine 4 was 
connected t o  switches 1 and 3 i ns tead o f  1 'and 2, as used f o r  t e s t  
SA-27 t o  take t h e  suspected switch out o f  the  c o n t r o l  c i  rcu i  t. TOP 
swi tch  2 was replaced p r i o r  t o  t e s t  SA-29 and returned t o  Rocketdyne 
f o r  f a i l u r e  analys is .  
met a l l  s p e c i f i c a t i o n s  and tha t  no cause f o r  t h e  mal func t ion  could be 
found . 

Rocketdyne subsequently reported th'at the  swi tch  

Engine operat i  on dur ing  t e s t s  SA-28 and SA-29 was s a t i s f a c t o r y .  
A l l  engines produced t h r u s t  values w i t h i n  the  s p e c i f i e d  l i m i t s  o f  
200K f 3 percent. No r e o r ' i f i c i n g  i s  recommended p r i o r  t o  launch. 

Test SA-28 dura t ion  was 35.192 seconds f rom i g n i t i o n  command t o  
inboard engine c u t o f f  s i g n a l ,  w i t h  c u t o f f  being i n i t i a t e d ,  as planned, 
by t h e  f i  r i n g  panel operator.  Outboard engine c u t o f f  s igna l  was g iven 
110 mi l l i seconds l a t e r  by the  swi tch  se lec tor .  

Inboard engine c u t o f f  s ignal  f o r  t e s t  SA-29 was i n i t i a t e d  by t h e  
swi tch  s e l e c t o r  a t  143.285 seconds a f t e r  i g n i t i o n  command and 0.5 
second a f t e r  the  LOX l o w  leve l  sensor i n  tank 0-2 was uncovered. Out- 
board engine c u t o f f  s ignal  was t r i g g e r e d  by the  swi tch  s e l e c t o r  
approximately 1 second a f t e r  inboard engine c u t o f f .  

H-1 engine schematics can be found i n  FIGURES 2-1 and 2-2. Engine 
s t a t i c  t e s t  data f o r  t e s t s  SA-28 and SA-29 can be found i n  TABLES 2-1 
and 2-2, respect ive ly .  The "Conf ident ia l  Supplement, Stage S-IB-2" 
contains t h e  combustion chamber pressures, s p e c i f i c  impulse and t h r u s t  
values f o r  these tes ts .  I g n i t i o n  and c u t o f f  sequence times f o r  t e s t s  

II 
I 
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SA-27, SA-28, and SA-29 can be found i n  TABLES 2-3, 2-4, and 2-5, 
respec t ive ly .  GRAPHS 2-2 through 2-17 show the  o s c i l l o g r a p h  t races  
du r ing  t h e  i g n i t i o n  and c u t o f f  t r a n s i t i o n s  of each engine du r ing  t e s t  
SA-29. Engine o r i f i c e  s izes  may be found i n  I tem 13, APPENDIX C 
o f  t h i s  report .  

Engi ne osci 1 1  ograph data i nd i ca ted  t h a t  t he  coni sphere temperature 
measurements f:PT103-1 and itPT103-8 were l o s t  du r ing  t e s t  SA-28. 
Measurement aPT103 i s  the  fast-response h a l f  o f  t he  dual conisphere 
temperature probe. A l l  conisphere temperature probes were replaced 
p r i o r  t o  tes t  SA-29. This i s  standard p rac t i ce .  

An immediate post t e s t  inspec t ion  f o l l o w i n g  t e s t  SA-29 revealed 
severe metal eros ion on the  lower edge of  t he  a s p i r a t o r  l i p  o f  engines 
3 and 4, d i r e c t l y  below tube number 110 and the  low s i d e  t h r u s t  chamber 
d r a i n  screw access po r t .  For t e s t  SA-29 t h e  cover p l a t e  was i n s t a l l e d  
i n  the  t h r u s t  chamber d r a i n  screw access p o r t  o f  the  a s p i r a t o r .  These 
cover p l a t e s  were i n s t a l l e d  on the inboard s ide  o f  engines 3 and 4 
t o  prevent hot gases from blowing d i r e c t l y  on measurements AT119 and 
AT113 which were mounted adjacent t o  the  access po r t .  Previous 
Rocketdyne tes ts  have ind i ca ted  t h a t  when the  cover p la tes  a re  i n -  
s t a l l e d  i n  the t h r u s t  chamber d r a i n  screw access p o r t s ,  t he  f l o w  o f  
ho t  gases i s  d i v e r t e d  and i s  concentrated on the  areas d i r e c t l y  below 
the  access po r t s  causing erosion. Mater ia l  Review Board a c t i o n  i s  
necessary t o  determine whethe? repai r s  are t o  be made t o  the  aspi r a t o r s  
on engines 3 and 4. I t  i s  recommended tha t  s ince eros ion o f  t he  
aspi r a t o r  l i p  does not  a f f e c t  engine performance f o r  launch, no repa i r s  
be made. I t  i s  f u r t h e r  recommended t h a t  t h e  chamber d r a i n  screw access 
p o r t  covers not be i n s t a l l e d  f o r  f l i g h t .  

PRETEST SA-27 HARDWARE INSPECTION AND LEAK CHECKS 

1 .  A v i s u a l  inspec t ion  o f  a l l  engines a f t e r  i n s t a l l a t i o n  
o f  the s tage i n  the tower revealed a considerable amount o f  f u e l  i n  
the  hypergol conta iners upon removal o f  the  shor t  sh ipp ing  plugs 
(P/N RX20670). The hypergol con ta iners  were drained, and the  f u e l  
i g n i t e r  system was purged p r i o r  t o  t e s t  SA-27. 

2. Bellows inspec t i on  a t  engine 2 revealed a dent i n  the  
bel  lows below t h e  heat exchanger t u r b i n e  exhaust o u t l e t .  The dent i s  
located d i  r e c t l y  below the boss t o  which f l  i g h t  measurement 017-2 i s  
plumbed. No leakage was noted a t  t h i  s dent dur i  ng t u r b i n e  exhaust 
system leak  check. 

3. Inspec t ion  o f  engine 4 revealed a burn spot on the  e x t e r i o r  
o f  the  t h r u s t  chamber, located between the second and t h i r d  band above 
the  aspi ra to r .  This burn spot covers t h r u s t  chamber tubes 124 through 
129. A brazed repai r spot on the  i n s i d e  o f  t he  t h r u s t  chamber a t  t h i s  
l o c a t i o n  has a l o n g i t u d i n a l  crack between the  tubes. No i n t e r n a l  o r  
ex te rna l  leakage was noted a t  t h i s  l o c a t i o n  du r ing  l i q u i d  leak  checks. 
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4. inspec t ion  o f  engine 5 revealed a broken tube support 

t he  external  seat o f  t he  check valve i n d i c a t i n g  t h a t  the va lve had 

bracket and a loose check va lve  i n  the  t h r u s t  chamber f u e l  i n j e c t o r  
purge system. 

not been f u l l y  engaged when i t  was painted w i t h  torque s t r i p e .  
t he  tube support bracket appeared t o  have been broken dur ing i n s t a l l a -  
t i o n  a t  Michoud. 
and the check va lve was cleaned and re ins ta l l ed .  

Fur ther  i nves t i ga t i on  revealed torque s t r i p e  p a i n t  on 

Also 

A new support bracket was fab r i ca ted  and i n s t a l l e d  

5. Rocketdyne personnel replaced de fec t i ve  engine harnesses 
(P/N's 502314 and 502321) a t  engines 1 and 6 and completed Engineering 
Change Proposal (ECP) H1-262 on a l l  engines. 
i n s t a l  l a t i o n  o f  a t h i  r d  TOP switch and the  rework o f  the  customer 

This  ECP included the  

cmnect pane! fnr t he  
po r t .  

6. Engine c 
were performed on a l l  
w h i l e  clearances were 
w i  t h i  n the  speci f i  ed 

ENGl NE 

1 

2 

4 

4 

5 

6 

7 

a d d i t i o n  of  a TOP swi tch Ca l i  b r a t i o n  mani fo ld  

earance checks, designated on DMN M-10619, 
engines. 
measured, and the  fo l l ow ing  clearances were not 
i m i  ts .  

The outboard engines were gimbaled 

CLEARANCE 

GOX L ine  t o  Gimbal Block 

GOX L ine  t o  LOX Wrap- 
around L i  ne 

GOX L ine  t o  Gimbal Block 

GOX L ine  t o  LOX Wrap- 
around L i  ne 

Fuel Wraparound L ine  t o  
Water Quench System 

Fuel Wraparound L ine  t o  
Water Quench System 

GOX Mani fo ld  Assembly 
t o  Turnbuckle Assembly 

MEASURED VALUE 
(INCHES) 

0.06 

Touching A 

0.12 

Touching A 

0.89 

0.96 

1.22 

M I  N. ALLOWABLE 
(I NCHES) 

0.25 

0.09 

0.25 

0.09 

1.10 

1.10 

1.80 

A\ Since contact  was made only a t  maximum gimbal pos i t i ons ,  no 
a c t i o n  was taken p r i o r  t o  t e s t s  SA-27 and SA-28. 
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7. While performing i g n i t i o n  mon i to r  va l ve  leakage and func- 
t i o n a l  checks, leakage was discovered around the  c o n t r o l  pressure i n l e t  
cap screws on the  va l ve  on engine 5. The de fec t i ve  va l ve  (S/N 6356996) 
was replaced w i t h  va l ve  S/N 6352408, which checked out s a t i s f a c t o r i l y .  

ENG I NE 

2 

6 

8 

8. Turbine exhaust system leak  checks p r i o r  t o  t e s t  SA-27 
reveFted the f o l  lowing leaks which were co r rec ted  as noted: 

LOCATION OF LEAKAGE CORRECT1 V E  ACT1 ON 

Measurement Boss (Meas. D37-2) Repl aced Gasket 

Measurement Boss (Meas. D37-6) Repl aced Gasket 

Turbi  ne I n 1 e t  F1 ange Ret o rq  ued 

9. Fo l low ing  t h e  i n i t i a l  p r o p e l l a n t  loading t e s t ,  t he  screens 
a t  t he  LOX and f u e l  pump i n l e t s  were removed, and no contaminat ion or 
abnormal cond i t ions  ex is ted .  One b o l t  a t  engine 5 and one b o l t  a t  engine 
8 g a l l e d  s l i g h t l y  i n  t h e  LOX pump i n l e t  f langes du r ing  removal. The 
threaded inse r t s  a t  these p o s i t i o n s  were retapped and new b o l t s  i n s t a l l e d .  

10. While performing the  t h r u s t  chamber l eak  check w i t h  gas on 
engine 7 p r i o r  t o  t e s t  SA-27, t h e  chamber pressure increased t o  18.5 
ps ig ,  which was t h e  same as LOX tank  pressure. The heat exchanger LOX 
i n l e t  check v a l v e  had al lowed reverse leakage a t  low pressure from t h e  
LOX tanks t o  t h e  t h r u s t  chamber. The check va l ve  was replaced and t h e  
t h r u s t  chamber leak check was performed s a t f s f a c t o r i  l y .  No leaks were 
discovered a t  any engine p r i o r  t o  t e s t  SA-27. 

1 1 .  An i g n i t e r  f u e l  system purge and a t h r u s t  chamber f u e l  i n -  
j e c t o r  purge were performed on a l l  engines p r i o r  t o  t e s t s  SA-27 and 
SA- 28. ;k 

12. A LOX seal swab check and turbopump torque check were 
performed on a l l  engines p r i o r  t o  t e s t s  SA-27 and SA-28. 
t i o n  was noted and the  torque r e s u l t s  were s a t i s f a c t o r y  p r i o r  t o  bo th  
tes ts .  

No contamina- 

POST TEST SA-28 HARDWARE INSPECTION AND LEAK CHECKS 

1 .  V isua l  i nspec t i on  o f  t he  engines immediately f o l l o w i n g  
t e s t  S ~ - 2 8  revealed a f u e l  leak  a t  engine 6. The B-nut on the  TOP 
swi tch  system mani fo ld ,  which connects t o  TOP sw i t ch  2 from the  

NOTE: The LOX dome purge was a c t i v e  du r ing  these purging operat ions.  
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. main f u e l  va lve,  was found t o  be loose. 
f o r  s;lfety w i r i n g  the  B-nuts, i t  i s  poss ib le  tha t  i t  v i b r a t e d  loose 
du r ing  s t a t i c  f i r i n g .  I t  i s  recommended t h a t  sa fe ty  w i r e  p rov i s ions  

Since the re  a r e  no p rov i s ions  

b be made f o r  f u t u r e  i n s t a l l a t i o n s  ( re ference UCR 01736). 

2. Gas generator and tu rb ine  exhaust system leak  checks 
were performed i n d i c a t i n g  leakages which were cor rec ted  as noted: 

ENGl NE 

2 

3 

4 

4 

4 

5 

6 

LOCATION OF LEAKAGE 

Turb i  ne i n l  e t  F1 ange 

Turbi  ne I n l e t  Flange 

Turb ine t o  Turb ine Exhaust Duct Flange 

I ns t  rumentati on Boss on Turbine I n l e t  

Turbi  ne I n l  e t  F1 ange 

Turb i  ne I n l  e t  F1 ange 

Turbine I n l e t  Flange 

CORRECT1 VE ACT1 ON 

Ret o rqued 

Repl aced Gasket 

Ret orqued 

Repl aced Copper 
Crush Seal 

Ret orqued 

Repl aced Gasket 

Repl aced Gasket 

3. Turbopump preserva t ion  was performed a t  a1 1 engi nes. 
The turbopwnps were torqued p r i o r  t o  p reserva t i  on w i  t h  t h e  f o l  lowing 
resu l t s :  

ENGl NE 

1 
2 
3 
4 
5 
6 
7 
8 

INITIAL BREAKAWAY TORQUE 
(IN. -LB) 

80 
80 
95 
90 
70 
70 
70 

RUNNING TORQUE 
(I N. -LB) 

70 
70 
85 
80 
60 
60 
60 

4. The aspi r a t o r  covers and flame c u r t a i n s  a t  a1 1 outboard 
engines were inspected f o r  damage. 
i tems i s  descr ibed i n  the  ENGINE COMPARTMENT ENVIRONMENT sec t i on  o f  
t h i s  repor t .  

The damage susta ined by these 

a 
m 
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5. A v isua l  inspec t ion  o f  t he  engines a f t e r  t e s t  SA-28 
revealed s l i g h t  leakage from the chamber pressure p o r t  C G l C  on 
engine 4. This p o r t  provides sensing pressure f o r  measurement 
;':PP108. The copper crush seal was replaced w i t h  no leakage noted 
d u r i  ng leak  check. 

ENGl NE 
POS I T I  ON 

1 
2 
3 
4 
5 
6 
7 
8 

6 ,  

PRETEST SA-29 HARDWARE I NSPECTION AND LEAK CHECKS 

Prior t o  t e s t  SA-29, the  fo l low ing  p r e t e s t  leak  and hardware 
checks were performed: t u r b i  ne exhaust system leak  check, t h r u s t  
chamber f i  1 1  leak check w i t h  t r i ch lo roe thy lene  and f u e l  , t h r u s t  chamber 
gas leak check, f u e l  lube blowdown, turbopump torque check, and LOX 
seal contamination check. The r e s u l t s  of a l l  leak and hardware checks 
were sa t i s fac to ry .  

A special  leak  check was performed on the  body o f  t he  LOX-to- 
heat-exchanger check valves and the  LOX dome purge check valves. 
spec ia l  leak check was requested as a r e s u l t  o f  a f a i  l u r e  noted on 
engine H-5027 by Rocketdyne f o l  lowing approximately 42.5 seconds of  
hot f i r e  serv ice time. 
a t t r i b u t e d  t o  s t ress-cor ros ion  crack ing of  the  va lve  body. 
was subsequently redesigned and the new va lve  assemblies w i l l  be poppet- 
type check valves welded i n t o  a u n i t i z e d  l i n e .  E f f e c t i v i t y  o f  t he  new 
type va l ve  i s  scheduled f o r  stage S - I B - 3  engines. Chrys ler  Corporat ion 
was requested t o  v i  sua1 l y  inspect  and 1 eak check, a t  f requent i n te rva l s  , 
the H-1 engine LOX dome and LOX-to-heat-exchanger check valves on stages 
p r i o r  t o  S- IB-3 .  
s a t i s f a c t o r y  w i  t h  no evidence of body crack i  ng. 

This 

The f a i l u r e  was analyzed by Rocketdyne and was 
The va lve  

The r e s u l t s  o f  the' leak check on stage S-18-2 were 

POST TEST SA-29 HARDWARE INSPECTION AND LEAK CHECKS 

1 .  The turbopumps were torque checked p r i o r  t o  turbopump 
preservat  i on w i  t h  the  f o l  1 ow i  ng Val ues recorded: 

BREAKAWAY TORQUE ( I  N. -LBS) 

90 
90 
80 
80 

60 
65 m 
60 A 
80 B 

RUNN I NG TORQUE 
( I  N. -LBS) 

80 
70 
70 
70 
60 
50 
50 
70 

I n i t i a l  breakaway torque values fo r  engines 5 ,  7, and 8, were 100, 
160, and 250 in . - lbs ,  respec t ive ly .  A f t e r  turbopump preservat ion,  
the  turbopumps were agai n torque checked w i  t h  s a t i s f a c t o r y  resu l ts .  
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. 
2. Turbine exhaust system leak checks were performed and the  

fo l low ing  leakages were corrected: . 
ENG I NE 

2 

2 

2 

4 

5 

LOCATION OF LEAKAGE 

Turbine - tu rb ine  exhaust 
duct f lange 

Gas Generator -. t u rb ine  
i n l e t  f lange 

instrumentation. Boss 
t u r b i  ne i n l e t  

Gas Generator - t u r b  
i n l  e t  f 1 ange 

Gas Generator - t u r b  
i n l  e t  f 1 ange 

on 

ne 

ne 

Gas Generator - tu rb ine  
i n l e t  $1 ange 

I n s t  rumentat i on Boss 
on t u r b i n e  i n l e t  

I ns t  rumentat i on Boss 
on t u r b i n e  i n l e t  

I ns t  rumentat i on Boss 
on t u r b i n e  i n l e t  

CORRECTIVE ACT1 ON 

Ret orqued 

Ret o rqued 

Rep i aced Copper C rus 
Sea 1 

Re torqued 

Repl aced Gasket 

Rep 1 aced Gasket 

Rep 1 aced Copper 
Crush Seal 

Replaced Copper 
Crush Seal 

Repl aced Copper 
Crush Seal 

3. The engine t h r u s t  chambers were leak checkedwith t r i c h l o r o -  
ethylene dur ing  t h r u s t  chamber j a c k e t  f l u s h i n g  operations. Engine 1 
had a 4 cubic  cent imeter per minute leak a t  tube 285, 3 inches above 
the  turnaround manifold. Engine 2 had a s l i g h t  seep a t  tubes 291 and 
292 a t  the  turnaround manifold. The braze between the  t h r u s t  chamber 
tubes and turnaround mani fo ld  a t  engine 6 appeared t o  be chipped and 
eroded, but  no leakage was noted. I t i s  recomnended t h a t  t he  leak  
l o c a t i o n  a t  engine 1 be repai  red i n  order t h a t  f u e l  p r e f i  1 1  can be 
re ta ined dur ing  launch countdown a t  the  Cape. 

4. The LOX seals were leak  checked a t  a l l  engines. The LOX 
tanks were pressur ized t o  30 psig,  and a flowmeter was connected t o  
the  LOX seal d r a i n  l i n e  a t  each engine. No leakage was noted a t  any 
engine. 
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MEAS. 
NO. 

9cPT 1 00 

w p i  13 

;kPT 1 07 

TABLE 2-1 

ENGINE STATIC TEST DATA 

Ambi ent Pressure (psi a) 14.37 
Ambient Temperature (OF) 87 

TEST SA-28 
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I ’  

8 

I B  I 

TABLE 2- 1 (CONTI NUED) 

TEST SA-28 

ur ,ement Lost 
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MEAS. 
NO. 

;:PT~O 1 

;:.'PPI 12 

+; P T ~  0 0 

aPT 104 
A 

TABLE 2- 1 (CONTI NUED) 

TEST SA-28 

Turbine rpm 

6 I 
I I 

I 4. n i 

Bearing 2 (OF) 

I 
4 I 1 I I 

5 
6 

~~~ 

7 I I 
8 

A Measurement ;';PT104-1/8 Lost  
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nPTl08 

nPPl 15 

A Measuremen 

TABLE 2-1 (CONTI NUED) 

TEST SA-28 

t Lost $;Pi1 05- 1 /8 



MEAS. 
NO. 

$:PT 1 00 

~ 

;':PPI 13 

i?PP 104 

9:PT 1 07 

m 

TABLE 2-2 

ENGINE STATIC TEST DATA 

TEST SA-29 

Ambient Pressure (ps ia)  
Ambient Temperature (OF) 

Measurement Lost  
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. TABLE 2-2 (CONTINUED) 

TEST SA-29 

A Measurement Lost 



TABLE 2-2 (CONT I NUED) 

5 
6 
7 
8 
1 
2 
3 

TEST SA-29 

6765 
6854 
677 1 
678 1 

128.5 
127.1 
130.0 

MEASUREMENT 

7 
8 
1 
2 
3 

5 

DESCRIPTION 
Turbopump Speed (rpm) , 

127.1 
128.0 

b: : - 
4.0 
4.0 
3 . 8  

der  i ved f rom n P R I  00, 
T u r b i n e  rpm 

Tempe r a  t u  r e ,  0 r o n  i t e  
(OF)  

P r e s s u r e ,  Gea r c a s e  
( P S  i 9) 

Tempera t u  r e ,  LOXo 
Pump B e a r i n g  1 ( F) 

Tempera t u  r e  Tu rbopump b B e a r i n g  2 ( F) 

VALUES AT 
ENGINE IGNITION X+29-32 SEC. CUTOFF 

68 2 
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TABLE 2-2 (CONTINUED) 

. TEST SA-29 
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SECTION 3 

ENGi NE HYDRAULi C SYSTEMS 

Because o f  t h e  premature c u t o f f  of t e s t  SA-27 ,  the  engines were 
not  gimbaled. No hyd rau l i c  systems data were obtained f o r  t h i s  t e s t .  

The engine hydraul  i c systems performed s a t i  s f a c t o r i  l y  du r ing  t e s t s  
SA-28 and SA-29,  and a l l  funct ional  requirements were accomplished as 
o u t l i n e d  by t h e  gimbal programs i n  TABLES 3-1 and 3-2. Post t e s t  in- 
spect ions were performed and no evidence of hydraG!Ic leakage s: damage 
t o  system components was observed. A schematic o f  the  engine 1 
hyd rau l i c  system i s  shown i n  FIGURE 3-1. 

Test records f o r  t e s t  SA-28 revealed t h a t  t he  f l i g h t  supply pres- 
sure t races  (measurement :kHP702) a t  engines 2 ,  3 ,  and 4 were e r r a t i c  
throughout the  t e s t .  Post t e s t  i nves t i ga t i ons  f o l l o w i n g  t e s t  SA-28 
revealed t h a t  t he  e r r a t i c  supply pressure t races  were due t o  d iscrep-  
ancies i n  the  measurement c i r c u i t r y .  However, the  exact l o c a t i o n  o f  
these d iscrepancies could no t  be found p r i o r  t o  t e s t  SA-29. Records 
f o r  t e s t  SA-29 con f i  rmed t h a t  these f l u c t u a t i o n s  a r e  being caused by 
the  blockhouse cond i t i on ing  equipmen; and are  no t  a r e s u l t  o f  f l uc tua -  
t i o n s  i n  t h e  hyd rau l i c  pressure system. 
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ENG 1 NES 

1 ,  2, 3, E 4 

!, 2, 3 ,  E- 4 

1 ,  2, 3,  4 

1 ,  2, 3,  4 

1 ,  2, 3 ,  & 4 

1 ,  2, 3 ,  & 4 

1 ,  2, 3, 4 

1 ,  2 ,  3,  4 

1 ,  2, 3 ,  4 

TIME FREQUENCY 
( s ECON DS ) (CPS) 

TABLE 3-1 

INPUT 
(DEGREES) 

G IMBAL PROGRAM 

0 to 3 

3 to  5.5  

7 to  12 

14 to  19 

21 to 22 

23 to  24 

25 to  26 

27 to  28 

28 to  Cutoff  

0 

2 

1 

1 

Step 

Step 

Step 

Step 

0 

0 

+2 Roll  

- +3 Yaw 

- +3 Pi tch  

+2 Yaw 

-2  Yaw 

+2 Pi tch  

-2  P i tch  

0 

- 

A1 1 times are  referenced t o  simulated 1 i f t o f f ,  X+0.25 second. 
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TABLE 3-2 

GIMBAL PROGRAM 
TEST SA-29 

0 t o  5 

5 t o  35 

35 t o  40 

40 t o  71 

71 t o  76 

76 t o  77 

77 t o  81 

81 t o  82 

82 t o  86 

86 t o  87 

87 t o  91 

91 t o  92 

92 t o  100 

100 t o  130 

130 t o  Cuto f f  

F REQU E N C Y 
(CPS) 

0 

1 Thru 20 

0 

1 Thru 20 

0 

Step 

0 

Step 

0 

Step 

0 

Step 

0 

0.5  

0 

I NPUT 
(DEGREES) 

0 

- +0.5 P i t c h  

0 

- +0.5 Yaw 

0 

+2 P i t c h  

0 

-2 P i  t ch  

0 

+2 Yaw 

0 

-2 Yaw 

0 

- +2 Ro l l  

0 

A A l l  times are  referenced t o  simulated l i f t o f f ,  X+0.24 second. 
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SECTION 4 

PROPELLANT AND PNEUMATIC SYSTEMS 

The p r o p e l l a n t  and pneumatic systems performed s a t i s f a c t o r i l y  
d u r i n g  t e s t s  SA-28 and SA-29. 
from t e s t  SA-27 t o  perform a system evaluat ion.  

. I n s u f f i c i e n t  t e s t  data were obtained 

The c o n f i g u r a t i o n  o f  t h e  LOX system i s  shown i n  FIGURES 41 and 
4-2. 
c o n t r o l  pressure system i s  shown i n  FIGURE 4-4. 
support o r i f i c e  s i  zes and pressure swi t c h  s e t t i  ngs are  1 i sted i n  
APPEND1 X C o f  t h i  s repor t .  Propel l a n t  loading and pressur i  z a t i  on data 
for t e s t s  SA-28 and SA-29 are shown i n  TABLE 4-1. 

The f u e l  system c o n f i g u r a t i o n  i s  shown i n  FIGURE 4-3, and t h e  GN2 
Stage and ground 

LOX SYSTEM 

The LOX system parameters i n d i c a t e  t h a t  t h e  system funct ioned 
p r o p e r l y  dur ing  t e s t s  SA-28 and SA-29. 
f i  r i n g  command o f  both t e s t s  was 655.0 inches i n  tank 0-C, correspond- 
i n g  t o  the  requi red u l l a g e  o f  1.7 percent. 

The he igh t  o f  LOX on board a t  

P r e i g n i t i o n  p r e s s u r i z a t i o n  o f  the LOX tanks dur ing  t e s t  SA-28 
was accomplished i n  65.4 seconds. A f t e r  the i g n i t i o n  t r a n s i e n t s ,  LOX 
tank pressure increased from 48.5 p s i a  a t  X+5 seconds t o  52.9 p s i a  a t  
c u t o f f .  

Test SA-29 p r e i g n i t i m  pressur iza t ion  o f  t h e  LOX tanks was accom- 
p l i s h e d  i n  60.6 seconds. LOX tank pressure a t  i g n i t i o n  was 59.5 p s i a ,  
decaying t o  49.0 p s i a  a t  c u t o f f .  The GOX f l o w  c o n t r o l  va lve  s t a r t e d  
leav ing  t h e  closed p o s i t i o n  a t  X+60 seconds, and maintained LOX tank  
pressure f o r  t h e  remainder of the t e s t .  
p r e s s u r i z a t i o n  c h a r a c t e r i s t i c s  f o r  t e s t  SA-29. 

GRAPH 4-1 shows LOX system 

During t h e  p r o p e l l a n t  loading t e s t  conducted on stage S-IB-2, 
th ree  bubbl ing t e s t s  were performed. These t e s t s  a re  l i s t e d  as fo l lows:  

1. LOX bubbl ing i n i t i a t e d  a t  X-170 seconds, 10 seconds a f t e r  
vent c losure,  u t i  1 i z ing  a he1 ium f lowrate of 45 scfm. 

2. LOX bubbl ing i n i t i a t e d  a t  X-170 seconds, 10 seconds a f t e r  
vent c losure,  u t i l i z i n g  a helium f l o w r a t e  o f  70 scfm. 

3. LOX bubbl ing i n i t i a t e d  a t  X-153 seconds, 30 seconds p r i o r  
t o  vent c losure,  u t i l i z i n g  a hel ium f l o w r a t e  o f  45 scfm. 
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LOX bubbl ing f o r  t e s t  SA-28 was i n i t i a t e d  a t  X-169.5 seconds, 
8.9 seconds a f t e r  vent c losure ,  w i t h  a he l ium f l o w r a t e  o f  45 scfm, 
inc reas ing  LOX tank pressure by 4.5 p s i .  
temperature a t  i g n i t i o n  was -277.3O F a t  engine 6. 

The maximum LOX pump i n l e t  

LOX bubbl ing f o r  t e s t  SA-29 was i n i t i a t e d  a t  X-169.6 seconds, 8.7 
seconds a f t e r  vent c losure ,  u t i  li z ing  a he1 ium f l o w r a t e  o f  45 scfm. 
LOX tank pressure increased 5.0 ps i  du r ing  bubbl ing.  The maximum LOX 
pump i n l e t  temperature a t  i g n i t i o n  was -277.2’ F a t  engine 5. 

Tne resu l t s  o f  these var ious  bubb l ing  t e s t s  a re  presented i n  
TABLE 4-2. 

The average boi l o f f  r a t e  du r ing  standby p r i o r  t o  t e s t  SA-28 was 
6.7 pounds per second as ca l cu la ted  from l i q u i d  l eve l  measurement 
LPll l-OC. 
per second. 

Test SA-29 data gave an average b o i l o f f  r a t e  o f  6.6 pounds 

Test SA-29 LOX dep le t i on  c h a r a c t e r i s t i c s  usi  ng continuous leve l  
probe data i n d i c a t e  a v a r i a t i o n  i n  l eve l s  o f  12 t o  13 inches between 
the  ou ter  tanks and the  center  tank. This  d i f f e r e n c e  i n  l eve l s  i s  
t he  r e s u l t  o f  the 19.00-inch diameter f l i g h t  o r i f i c e  i n  the  center  LOX 
tank sump. This  o r i f i c e  was not  replaced w i t h  a 19.75-inch diameter 
s t a t i c  t e s t  o r i f i c e  because o f  the o b j e c t i v e  o f  conduct ing both shor t  
and long dura t ion  t e s t s  with’minimum tank u l lages.  

The LOX d i s c r e t e  probe ac tua t i on  times f o r  t e s t  SA-29 a r e  shown 
i n  TABLE 4 - 3 ,  and the  corresponding LOX volumes below the  d i s c r e t e  
probes a r e  presented i n  TABLE 4-4. 

Dur ing the  s t a t i c  t e s t i n g  o f  stage S-IB-2, a shr inkage f a c t o r  f o r  
the  LOX tanks was determined. This f a c t o r  was determined by comparing 
e leva t ions  o f  the LOX tanks be fore  and a f t e r  LOX was loaded (see 
FIGURE 4-5) .  The r e s u l t  o f  these comparisons i n d i c a t e  t h a t  when LOX 
i s  on board, t h e  LOX tanks s h r i n k  t o  0.9958 o f  t he i  r length  a t  ambient 
tempe r a t  u re.  

FUEL SYSTEM 

The fuel  system parameters i nd i ca ted  t h a t  the  system funct ioned 
p roper l y  dur ing t e s t s  SA-28 and SA-29. A f ue l  l eve l  o f  634.5 inches 
a t  i g n i t i o n  o f  both t e s t s  prov ided t h e  requ i red  2 percent u l lage .  

P r i o r  t o  SA-28, the  f u e l  spheres were pressur ized t o  3,175 p s i g  
from 1,375 ps ig  i n  394 seconds. The temperature o f  t he  f u e l  spheres 
p r i  o r  t o  pressur i  z a t i  on f rom 1,375 ps i  g t o  opera t ing  pressure was 
approximately 1020 F. The maximum temperature a t t a i n e d  i n  the  spheres 
was 1560 F. The fue l  tanks were pre-pressur ized t o  19.6 p s i g  i n  1.4 
seconds. A t  i g n i t i o n  the  f u e l  tank pressure was 18.2 ps ig ,  g radua l ly  
decaying t o  11.05 p s i g  a t  c u t o f f  as the pressure i n  the f u e l  spheres 
decayed t o  1,800 ps ig.  
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During t e s t  SA-29, t he  f u e l  spheres were pressur ized from 1384 
p s i g  t o  3233 p s i g  i n  399 seconds. Fuel sphere temperature p r i o r  t o  
f i n a l  p r e s s u r i z a t i o n  was 89OF. The maximum temperature a t t a i n e d  i n  
t h e  spheres was 145OF. 
i s  a t t r i b u t e d  t o  the  f a c t  that  p re -p ressu r i za t i on  o f  t h e  spheres 
t o  1500 p s i g  was accomplished e a r l i e r  i n  t h e  day, thus a l l ow ing  the 
spheres t o  cool  down p r i o r  t o  f i n a i  p ressu r i za t i on .  The f u e l  tanks 
were pre-pressur ized to 18.5 p s i g  i n  1.4 seconds. Fuel tank pressure 
was maintained by the  s tage system u n t i l  X+71.50 seconds, a t  which 
t ime t h i s  p r e s s u r i z a t i o n  program terminated. 
when the  f u e l  tank pressure had decreased t o  6.45 psig,  t he  f a c i l i t y  
p r e s s u r i z i n g  system was ac t i va ted  by the  emergency f u e i  p r e s s u r i z i n g  
switch. The f a c i l i t y  f u e l  tank p r e s s u r i z i n g  system locked i n  a t  t he  
end o f  s tage p ressu r i z ing  (X+71 .50 seconds) and maintained pressure 
f o r  t he  remainder o f  t h e  tes t .  

Lower f u e l  sphere temperature f o r  t e s t  SA-29 

A t  ~+69.28  seconds, 

The f u e l  consumption c h a r a c t e r i s t i c s  du r ing  t e s t  SA-29 show t h a t  
t h e  leve l  i n  fue l  tank F-3 was approximately 9 inches h igher  than the  
l e v e l  i n  the o ther  tanks a t  X + 1 5  seconds. A t  X+80 seconds, t h e  f u e l  
tank l e v e l s  had converged, and by c u t o f f ,  t he  leve l  i n  f u e l  tank F-2 
was h ighes t  by approximately 6 inches. 

The f u e l  d i s c r e t e  probe a c t u a t i o n  times f o r  t e s t  SA-29 a r e  shown 
i n  TABLE 4-5, and t h e  corresponding volumes below these probes a re  
shown i n  TABLE 4-6. 

FUEL TANK RIPPLES 

During inspec t ion  o f  the booster, fo ! low ing  t e s t  SA-29, f i v e  
r i p p l e s  were observed i n  fue l  tank F-3. S i m i l a r  r i p p l e s  had been noted 
on stages S-1-10 and S-IB-1.  The sec t i on  o f  t h e  tank i n  which the 
r i p p l e s  a re  present i s  painted b lack  and faces the f lame d e f l e c t o r .  
FIGURE 4-6 shows t h e  l oca t i on  o f  t he  f u e l  tank s t r u c t u r a l  measurements 
and the approximate l oca t i on  o f  t he  r i p p l e s .  The dimensions o f  t he  
r i p p l e s  observed a f t e r  t h e  t e s t  a r e  l i s t e d  below: 

STAT I ON LENGTH (IN.) WIDTH (IN.) DEPTH ( IN. )  

12 
12 
14 
15 
13 

3 0.100 
2 0.075 
2.5 0.200 
4 0.200 
3 0.250 

Eva lua t ion  o f  the .da ta  gathered du r ing  t e s t  SA-29 ind i ca tes  t h a t  
t he  r i p p l e s  were formed as a r e s u l t  o f  thermal stresses w i t h i n  the 
tank w a l l .  
r e a d i l y  by the  b lack  painted areas o f  t he  tanks. 
t i a l l y  d i ss ipa ted  t o  t h e  fue l  w i t h i n  the  tanks, b u t  as the f u e l  l e v e l  

Radiant energy from the  exhaust plume was absorbed more 
Th is  heat was i n i -  
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dropped, a s i g n i f i c a n t  d i f f e r e n c e  i n  temperature was noted between 
b lack  painted po r t i ons  o f  t h e  tank and the  w h i t e  pa in ted  areas. 
Thermal stresses r e s u l t i n g  from t h i s  temperature d i f f e r e n t i a l  exceeds 
the  s t r u c t u r a l  l i m i t s  of the  tank i n  l o c a l  areas and causes the  r i p p l e s  
t o  occur.  

I t  i s  recommended t h a t  fue l  tanks F-3 and F-4 both be  pa in ted  
w h i t e  f o r  s t a t i c  f i r i n g s .  This  a c t i o n  i s  intended t o  reduce thermal 

t i o n  over the e n t i r e  surface of  t h e  tanks. For a d d i t i o n a l  in format ion,  
r e f e r  t o  GRAPHS 4-18 through 4-22 of the  "Pre l iminary S t a t i c  Test 
Report, f o r  Test SA-29". 

I s t ress  i n  the tanks and t o  g i v e  a more uni form temperature d i s t r i b u -  

GN2 CONTROL SYSTEM 

The GN2 c o n t r o l  system funct ioned normal ly du r ing  t e s t s  SA-28 and 
SA-29. The opera t ing  pressure was maintained w i t h  the  gearcase and 
f o u r  s imulated ca lo r imeter  purges on. The ca lo r ime te r  purge was 
i n i t i a t e d  au tomat ica l l y  a t  power t rans fe r  (X-28 seconds). Dur ing 
t e s t  SA-28, c o n t r o l  sphere pressure decayed from 2,932 p s i g  a t  
i g n i t i o n  t o  2,450 p s i g  a t  c u t o f f .  Test SA-29 pressure a t  i g n i t i o n  
was 2,965 psig,  decaying t o  1,450 p s i g  a t  c u t o f f .  

Post t e s t  inspec t ion  o f  the c o n t r o l  sphere inner  l i n e r  revealed 
t h a t  bubbles were present i n  t h i s  l i n e r .  The number and s i z e  o f  these 

per iod .  These bubbles have been observed on prev ious stages a t  S t a t i c  
Test. The con t ro l  sphere was removed from the  stage and sent t o  
Michoud f o r  f u r t h e r  ana lys is .  

I bubbles had increased when the  sphere was inspected a f t e r  a 12-hour 
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FIGURE 4-5 LOX TANK SHRINKAGE 
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FIGURE 4-6 LOCATION OF FUEL TANK STRUCTURAL MEASUREMENTS 
AND FUEL TANK RIPPLES 
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TABLE 4-1 

PROPELLANT LOADING AND PRESSURIZATION DATA 

LOX 

TEST TEST 
94-28 SA-29 

1. Tank pressurant..... .............................. Helium Helium 

2. Pressur iz ing t ime (seconds) ....................... 65.4 60.6 

3. Height from tank bottom a t  i g n i t i o n  comnand (inches)655.0 655.0 

4. U l lage volume a t  i g n i t i o n  (gal lons) ............... 1036 1036 

5. Ul lage volume a t  i g n i t i o n  (percent). .............. 1.7 1.7 

6. Volume a t  i g n i t i o n  (gal lons) ...................... 66,940 66,940 

7. Volume a t  outboard c u t o f f  s ignal  .................. - 3,165 

8. Average b o i l o f f  r a t e  dur ing standby (pounds/second) 6.7 6.6 

FUEL 

1 .  Tank pressurant ................................... 
2 .  Pressur iz ing t ime (seconds). ...................... 
3. Height f r o m  tank bottom a t  i g n i t i o n  (inches) ...... 
4. Ul lage a t  i g n i t i o n  (gal lons) ...................... 
5. Ul lage a t  i g n i t i o n  (percent) ...................... 
6. Volume a t  i g n i t i o n  (gal lons) ...................... 
7. Volume a t  outboard c u t o f f  s ignal  .................. 
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He1 ium He1 ium 

1.4 1.4 . . .  . .  

634.5 634.5 

855 855 

2.0 2.0 

42,100 42,100 

- 2,065 



TABLE 4-2 

LOX PUMP INLET TEMPERATURES, OF 

TEST 
Prope l lan t  Loading Test. 
Vents closed a t  X-180. 
LOX bubbl ing a t  X-I70 

seconds a t  45 scfm. 

Propel l a n t  Loading Test. 
Vents closed a t  X-180. 
LOX bubb l ing  a t  X-170 

seconds a t  70 scfm. 

Propel l a n t  Loading Test.  
LOX bubbl ing a t  X-153 

. seconds a t  45 scfm. 
Vents closed a t  X-123. 

Tes t SA-28. 
Vents closed a t  X-178.4 
LOX bubbl ing a t  X-169.5 

seconds a t  45 scfm. 

Test SA-29 
Vents closed a t  X-178.3 
LOX bubbl ing a t  X-l 69.6 

seconds a t  45 scfm. 

ENGINE 
1 
2 
3 
4 
5 
6 
7 
8 
1 
2 
3 
4 
5 
6 
7 
8 
1 
2 
3 
4 
5 
6 
7 
8 
1 
2 
3 
4 
5 
6 
7 
8 
1 
2 
3 
4 
5 
6 
7 
8 

/i\ End of  bubb l ing  ( X - I O 3  seconds) 

A I g n i t i o n  command (X-3 seconds) 
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START OF 
BUBBL I NG 

-274.1 
-274.3 
-274.4 
-274.3 
-274.3 
-274.0 
-274.1 
-274.3 
-274.4 
-274.5 
-275.0 
-274.7 
-274.2 
-273.7 
-274.0 
-274.4 
-274.3 
-274.3 
-274.4 
-274.6 
-274.3 
-273.8 
-274.2 
-274.4 
-273.9 
-274.4 
-274.5 
-274.6 
-274.3 
-274.0 
-274.6 
274.6 

-273.7 
-273.8 
-273.9 
-274.1 
-273.7 
-274.6 
-274.1 
-274.1 

END OF& 
BUBBL I NG 

-280.6 

-281.1 

-280.0 

-280.3 

-281.0 

-281.2 

-279.7 

-279.9 
-282. I 
-282. I 
-282.2 

-280.8 
-281.2 

-282.4 
-281.7 

-281.4 
-281.5 
-281.2 

-281.8 

-280.3 
-280.5 

-282. I 

-280.7 

-280.2 
-280.2 

-280.6 

280.6 

-280.5 
-280.4 

-279.9 
-280.1 

280.2 
-279.3 
-279.7 
-279.9 
-279.8 
-279.4 
-280.3 
-279.9 
-274.6 

IGNITION 

-278.3 
-278.9 
-278.1 
-277.8 
-276.8 
-277.9 
-276.7 
-279.4 
-279.5 

-279.6 
-279.0 
-277.8 
-279.0 
-278.4 
-279.2 
-279.5 
-279.8 
-279.4 
-278.3 
-277.6 
-278.4 
-278. I 
-278.5 
-278.9 
-279.1 

-277.6 
-277.3 
-278.7 
-277.7 
-278.0 
-278. O 

-278.5 
-277.2 
-277.6 
-277.3 
-277.. 4 

-280. I 

-278. I 

-278.6 



Px!B E 

P1 

P2 

P3 

P4 

P5 

~6 

P7 

~8 

P9 

P10 

P11 

P12 

P13 

~ 1 4  

PI5 

TABLE 4-3 

LOX DI SCRETE PROBE ACTUATI ON TIMES A 

TEST SA-29 

TANK 
0- r, 

14.023 

23.747 

33.271 

42.835 

52.222 

61.616 

70.982 

80.334 

89.648 

98.983 

108.490 

117.945 

126.956 

137.038 

A 

TANK 
e-! 

11.286 

20.494 

29.71 7 

39.075 

48.527 

57.916 

67.374 

76.952 

86.536 

96.006 

105.463 

114.980 

124.577 

134.127 

144.081 

TANK 
0-2 

11.003 

20.068 

29.068 

38.402 

47.743 

57 * 075 

66.314 

75.781 

85.215 

94.989 

104.338 

113.795 

123.662 

133.286 

142.654 

TANK 
0-3 

11.128 

20.295 

29.467 

38.702 

47.968 

57.367 

66.764 

86.284 

85.814 

95.147 

104.745 

1 14.286 

123.904 

133.412 

142.936 

TANK 
0-k 

11.004 

20.119 

29.435 

38.712 

48.043 

57.536 

67.133 

76.524 

86.273 

95.523 

105.236 

1 14.814 

124.062 

133.536 

143.194 

A Times shown a r e  periods i n  seconds a f t e r  i g n i t i o n  command. 

A Probe 15 i n  tank 0-C was not uncovered. 
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PROBE 

P1 

P2 

P3 

P4 

P5 

~6 

P7 

~8 

P9 

P10 

P11 

P12 

P13 

P14 

PI5 

TABLE 4-4 

PROPELLANT VOLUMES BELOW D I S C R E T E  PROBES 

LOX 
(UNSHRUNK GALLONS) 

TEST SA-29 

TANK 
0- c 

22 187 

20632 

19079 

17523 

15968 

14412 

12855 

11302 

9 746 

8189 

6639 

5084 

3530 

1980 

485 

TANK 
0- 1 

9965 

9277 

8584 

7893 

7202 

6512 

5820 

5127 

4439 

3743 

3053 

2363 

1671 

98 1 

30 1 

62 

TANK 
0-2 

997 1 

9263 

8587 

7894 

7205 

6513 

5822 

5131 

4438 

3 745 

3053 

2365 

1671 

98 1 

303 

TANK 
0-3 

9967 

92 78 

8584 

7894 

7204 

65.1 1 

5823 

5130 

4438 

3745 

3055 

2364 

1671 

98 1 

302 

TANK 
0-4 

9969 

9280 

8586 

7895 

7204 

6512 

582 1 

5129 

4438 

3745 

3054 

2364 

1671 

980 

302 



PROBE 

P1 

P2 

P3 

P4 

P5 

~6 

P7 

~8 

P9 

P10 

P11 

P12 

P13 

~ 1 4  

TABLE 4-5 

FUEL DI SCRETE PROBE ACPUATI ON TI MES /i\ 
TEST SA-29 

TANK 
F- 1 

13.994 

23.362 

32.712 

42.294 

50.684 

60.067 

69.540 

79.546 

89.039 

98.488 

108.055 

117.566 

127.112 

B 

TANK 
F-2 

14.546 

23.746 

32.979 

42.385 

51.794 

61.234 

70.632 

80.334 

go. 000 

99.715 

109.306 

118.862 

128.428 

137.928 

TANK 
F-3 

16.494 

25.936 

35.060 

44.176 

52.959 

62.652 

71.881 

80.233 

89.349 

98.548 

107.898 

117.088 

126.476 

135.854 

TANK 
F-4 

14.819 

23.622 

32.979 

42.426 

51.768 

61.143 

70.614 

80.366 

89.624 

98.915 

108.206 

117.505 

126.914 

136.286 

A Times shown a r e  periods i n  seconds a f t e r  i g n i t i o n  command. 

A\ Probe 14 actuation t i m e  could not be determined due to  noise. 
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TABLE 4-6 

PROPELLANT VOLUMES BELOW DISCRETE PROBES 

PROBE 

P1 

P2 

P3 

P4 

P5 

~6 

P7 

~8 

P9 

P10 

P11 

P12 

P13 

~ 1 4  

P15 

TANK 
F- 1 

9473 

8814 

8156 

7498 

684 1 

6182 

5524 

4867 

4208 

3554 

2896 

2239 

1576 

919 

2 76 

FUEL 

TANK 
F-2 

9468 

8807 

8149 

7492 

6836 

6176 

5520 

486 1 

4202 

3545 

2890 

223 1 

1572 

916 

2 70 

64 

TANK 
F-3 

947 1 

8810 

8153 

7495 

684 1 

61 78 

5520 

4863 

4203 

3545 

2888 

2232 

1573 

920 

27 1 

TEST SA-29 

TANK 
F-4 

9483 

882 2 

8165 

7506 

6848 

6190 

5529 

4872 

421 1 

3553 

2896 

2237 

1577 

919 

2 74 
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SECTION 5 

ENG !NE COFPARTMENT ENV 1 RONHENT 

The engine compartment environment of  stage S-IB-2 was s a t i s f a c t o r y  
dur ing  t e s t s  SA-28 and SA-29. 
ca;Iusu wlch in  the specified i i m i t s  o f  40°F to 7j°F by t h e  b o a t t a i i  con- 
d i t  ion ing system. 

Turbine spinner temperatures were main- 
&-.---I ... 

Post t e s t  inspect ion o f  the heat s h i e l d  panels revealed t h a t  o n l y  
s l i g h t  damage was incurred dur ing t e s t s  SA-28 and SA-29. 
of M-31 was noted, and o n l y  minor crack ing occurred. The t w o  S-IB 
s t a i n l e s s  s t e e l  honeycomb heat s h i e l d  panels which were i n s t a l l e d  a t  
F i n  l i n e  I I  p r i o r  t o  t e s t  SA-29 were o n l y  s l i g h t l y  damaged. The damage 
t h a t  was observed consis ted o f  numerous cracks. 
i n s u l a t i n g  m a t e r i a l  from the  stage panels occurred. The panels were 
d isco lored,  and l a r g e  amounts o f  M-31C were burned away. The pos t  t e s t  
s t a t u s  of the  heat s h i e l d  panels f o l l o w i n g  t e s t  SA-29 i s  shown i n  
FIGURE 5-1 and TABLE 5-1. 

No separat ion 

No separat ion of  M-31 

The re fu rb ished gimbal boots used on stage S- IB-2  were o f  a modi- 
f i e d  type which u t i l i z e d  one layer o f  a luminized f a b r i c  bonded to  the 
inner rubber boot. These gimbal boots were i n s t a l l e d  f o r  eva lua t ion  
d u r i n g  s t a t i c  t e s t  of t h i s  stage. The previous c o n f i g u r a t i o n  consis ted 
o f  3OCO3566-5 i n s u l a t i o n  mater ia l  loosely  covered (not bonded) by a 
c u r t a i n  o f  R e f r a s i l  i n s u l a t i o n  mater ia l  ( C l O O - 4 8 )  and a l a y e r  o f  re-  
f 1 ec t  i v e  tape (Y-9050). 

Post t e s t  inspect ion o f  the outboard engine gimbal boots f o l l o w i n g  
t e s t  SA-28 revealed t h a t  the aluminized f a b r i c  on engine 3 was burned 
completely through, and the  f l e x i b l e  gimbal boot was charred. Th is  
boot was replaced f o l l o w i n g  t e s t  SA-28 w i t h  t h e  f l i g h t - t y p e  boot used 
on previous stages. 

Inspect ion f o l l o w i n g  t e s t  SA-29 revealed t h a t  the  inboard s ides 
o f  the  flame c u r t a i n s  a t  engines I ,  2 ,  and 4 were damaged. 
ho les were burned through the  r e f l e c t i v e  m a t e r i a l  a t  engine 4, a l l o w i n g  
t h e  boot t o  become severely burned (see FIGURE 5-2).  One l a r g e  ho le  was 
burned through t h e  r e f l e c t i v e  mater ia l  a t  engine 2 ,  a l l o w i n g  t h e  boot t o  
become severely burned (see FIGURE 5-3). The r e f l e c t i v e  mater ia l  a t  
engine 1 was burned to  t h e  extent  t h a t  i t  became d r y  and b r i t t l e  (see 
FIGURE 5-4). The f lame c u r t a i n s  a t  engines 2 and 4 were observed t o  
burn f o r  approximately 5 minutes f o l l o w i n g  c u t o f f .  
engine 3 received l i t t l e  or no damage dur ing  t h i s  t e s t .  
c u r t a i n  receives t h e  most damage. 

Two l a r g e  

The f lame c u r t a i n  a t  
Normally t h i s  
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There has been no evidence o f  gimbal boot cha r r i ng  on prev ious  
sho r t  dura t ion  f i r i n g s ,  nor has such ex tens ive  damage been noted du r ing  
previous long du ra t i on  f i r i n g s .  I t  i s  concluded t h a t  t he  aluminized 
f a b r i c  f lame c u r t a i n s  used dur ing  s t a t i c  t e s t  o f  S-IB-2 a re  unsa t i s fac -  
t o r y .  I t  i s  recommended t h a t  the p rev ious l y  used 10C11462 f lame c u r t a i n s  
be employed on a l l  f u t u r e  stages. 

Post t e s t  SA-29 inspec t ion  o f  the  center  access chute cover revea l -  
ed o n l y  s l i g h t  damage. 

There was no evidence o f  any f i r e  o r  h o t  gas leaks i n  t h e  engine 
corn pa r tme n t . 

Meteorological  data for  t e s t s  SA-28 and SA-29 a re  presented i n  
Appendix D .  
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Honeycomb 
Pane 1 s 

FIGURE 5-1 

TEST SA-29 
HEAT SHIELD DAMAGE 

(AFT LOOK1 NG FORWARD) 
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REFERENCE 
FIG. 5-1 

1 

- 7 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

12 

13 

14 

15 

16 

17 

18 

TABLE 5-1 

HEAT SHIELD DAMAGE 
TEST SA-29 

35 1 

20 1 

75 1 

EXTENT OF DAMAGE 

45 l i n e a r  inches o f  cracked M-31. 

1'; 1 i near inches o f  cracked M-31.  

Ta t te red  r e f l e c t i v e  heat s h i e l d  c u r t a i n .  Gimbal 
boot charred. (Approximately 30 square inches.)  

30 l i n e a r  inches o f  cracked M-31.  

90 l i n e a r  inches o f  cracked M-31 .  

20 1 i near i nches o f  cracked M-31. 

Ta t te red  r a d i a t i o n  s h i e l d  c u r t a i n .  

110 l i n e a r  inches o f  cvacked M-31. 

Ta t te red  r e f l e c t i v e  heat s h i e l d  c u r t a i n .  Gimbal 
boot charred badly i n  two places. (Approximately 
50 square inches.) 

100 1 inear  inches o f  cracked M - 3 1 .  

15 l i n e a r  inches o f  cracked M-31.  

15 l i n e a r  inches o f  cracked M-31 .  

c u r t a i n .  

25 l i n e a r  inches o f  cracked M-31. 

20 1 inear  inches o f  cracked M-31 .  

near inches o f  cracked M-3 

near inches o f  cracked M-3 

near i nches o f  cracked M-3 

Ta t te red  r e f l e c t i v e  heat s h i e l d  
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SECTION 6 

V I  BRATI ON AND SPEC I AL INSTRUMENTATION 

VIBRATION INSTRUMENTATION 

A t o t a l  of 121 v i b r a t i o n  measurements were recorded dur ing  s t a t i c  
f e s t  SA-28. Useful in fo rmat ion  was obtained on 116 of these measure- 
ments. 

A t o t a l  of  124 v i b r a t i o n  measurements were recorded dur ing  s t a t i c  
t e s t  SA-29. Useful in fo rmat ion  was obtained on 120 of these measure- 
ments. A more d e t a i l e d  discussion of t h e  v i b r a t i o n  data w i l l  be pub- 
l i s h e d  i n  t h e  "V ib ra t ion  and Acoustic Evaluat ion Report, Stage 5-18-2": 
by Systems S t a t i c  Test Branch. 

Root mean square (rms) leve l  readings were taken dur ing  a s l i c e  
t ime of X+20-25 seconds, f o r  t es t  SA-28 and X+30-35 seconds f o r  t e s t  
SA-29. These l e v e l s  were obtained us ing a 0-5 k i l o c y c l e  (kc) f i l t e r  
and a t r u e  rms vo l tmeter  having a 1-second t ime constant and a f l a t  
frequency response t o  3 cyc les  per second. 
S-IB-2, 36 measurements were made for i n v e s t i g a t i o n  of  "Pogo" e f f e c t  
(see TABLE 6-1). 
l i s t e d  i n  the  "Pre l iminary S t a t i c  Test Reports" f o r  t e s t s  SA-27 and 
SA-28, and t e s t  SA-29. The "Pogo" v i  b r a t i o n  measurement rms l e v e l s  
were obtained us ing a 0-100 cps f i l t e r .  Fur ther  ana lys is  of "Pogo" 
v i b r a t i o n  da ta  w i l l  be performed by t h e  NASA Propuls ion and Veh ic le  
Engi neer i  ng Laboratory. 

During s t a t i c  test  of stage 

Note t h a t  these values have been rev ised f rom those 

The post t e s t  gearcase v i b r a t i o n  checks conducted on a l l  engines 
d i d  not  i n d i c a t e  any abnormal condit ions. 

No abnormal LOX dome v i  b ra t ions  were recorded on any engine du r ing  
e i t h e r  t e s t  SA-28 o r  SA-29. RCC measurements i nd i ca ted  a LOX dome 
v i b r a t i o n  l eve l  of  3 2 1 g rms dur ing  i g n i t i o n  t r a n s i t i o n  and 9 f 2 g 
rms dur ing  mainstage of t e s t  SA-28 and 3 t 1 g rms dur ing  i g n i t i o n  
t r a n s i t i o n  and 8 f 1 g rms during mainstage o f  t e s t  SA-29. 

F I  RE DETECT1 ON SYSTEM 

The f i r e  de tec t i on  system f o r  stage S-IB-2 consis ted o f  12-Test  
Laboratory harnesses and 4 f 1 i ght harnesses. The automatic c u t o f f  
f i r e  de tec t i on  system was set  f o r  a r i s e  r a t e  o f  f i v e  char t  scales per 
second (3.0 mv) w i t h  a c u t o f f  time delay o f  .1 second f o r  the  Test 
Laboratory harnesses, and a time delay of one-half second f o r  t he  f l i g h t  
harnesses. 
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During t e s t  SA-28, measurement XlT702-1 (f 1 i g h t  transducer 
X C l 1 6 - I )  was i nac t i ve .  The system was e r r a t i c  du r ing  the countdown. 
Post t e s t  chCcks revealed t h a t  t h i s  measurement was de fec t i ve .  The 
15 a c t i v e  i nd i ca to rs  funct ioned as requ i red ,  and no abnormal tempera- 
tu res  were detected. 

Measurement +;DT101-4 was i n a c t i v e  du r ing  t e s t  SA-29 because f o u r  
thermocouples o f  the  harness were re loca ted  near engine 4 gimbal boot.  
The gimbal boot was badly burned du r ing  t e s t  SA-28, and the  therrno- 
couples were re loca ted  t o  ensure t h a t  any f i r e  i n  t h i s  area would be 
detected. F l i g h t  harness ;kDT703 was inopera t ive  a f t e r  X+9O seconds be- 
cause of a loose connector a t  one o f  t h e  thermocouples. 

HEAT AND FLAME SH I ELD I NSTRUMENTAT ION 

Test SA-28 data f r o m  the  heat-  and flame s h i e l d  temperature rneasure- 
ments were not obtained due t o  opera t iona l  problems encountered i n  the 
d i g i t a l  recording system a t  t he  blockhouse. Good da ta  were obta ined 
du r ing  t e s t  SA-29. 

One acoust ic measurement was recorded on the  access chute  covers. 
The sound pressure l eve l  a t  s l i c e  t ime was I 7 7  db dur ing  t e s t  SA-28 
and I 7 3  db dur ing t e s t  SA-29. 
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,I 

1 

AV2 

AV2 

MEAWREMENT 

AV213-11 

~ \ i z  i4-F i 

AV2 14- F2 

AV2 14- F3 

AY2 14-F4 

AV2 1 5-0 1 

AV2 15-02 

AV2 15-03 

AV2 15-04 

AV2 1 6-oc 

7-9 

8-9 

TABLE 6-1 

"POGO" v I BRAT I ONS A 

MEASUREMENT NAME 

V ib ra t ion ,  S ta t i on  962, F i n  L i n e  2, 
Top Sp i der Beam, Long i tud  i na 1 

V ib ra t ion ,  S ta t i on  
Tank F-1 , Longi tud 

V ib ra t ion ,  S ta t i on  
Tank F-2, Longi tud 

V ib ra t i on ,  S ta t  i o n  

350, Skin Fuel 
na 1 

350, Skin Fuel 
na 1 

350, Skin Fuel 
Tank F-3, Longi tud ina l  

V ib ra t ion ,  S ta t i on  350, Skin Fuel 
Tank F-4, Longi tud ina l  

v i b r a t i o n ,  S ta t i on  210, LOX Tank 0-1 
Hor izon ta l  Rib, Bottom LOX Tank 
Sk i r t ,  Long i tud ina l  

V ib ra t ion ,  S ta t i on  210, LOX Tank 0-2 
Hor izon ta l  Rib, Enttom LOX Tank 
S k i r t ,  Longi tud ina l  

V ib ra t i on ,  S ta t i on  210, LOX Tank 0-3 
Hor izon ta l  Rib, Bottom LOX Tank 
Sk i r t ,  Longi tud ina l  

V ib ra t ion ,  S ta t  
Hor izon ta l  Rib, 
Ski rt, Longi tud  

V ib ra t ion ,  S t a t  
Tank, Hor i zonta 
Skir t ,  Longi tud 

on 210, LOX Tank 0-4 
Bottom LOX Tank 
na 1 

on 210, Center LOX 

na 1 
Rib, Bottom LOX Tank 

TEST 
5a-28 

( g  rmsj 

0.27 

0.16 

0.18 

0.18 

0.18 

0. og 

0.12 

0.18 

0.08 

0.04 

V ib ra t ion ,  Lower Thrus t  Ring, F i n  0.12 
L i n e  2, Long i tud ina l  

V ib ra t ion ,  Outboard Engine Thrust  Pad, 0.22 
Engine 2, Longi tud ina l  

TEST 
5a-29 

(g rms) 

0.40 

0.25 

0.24 

0.22 

0.38 

0.15 

0.23 

0.19 

0.16 

0.16 

0.18 

0.30 

/i\ NOTE: The values l i s t e d  i n  t h i s  t a b l e  have been rev ised from those 
l i s t e d  i n  the  "Prel iminary S t a t i c  Test Reports", f o r  t e s t s  
SA-28 and SA-29. 
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TABLE 6- 1 (CONTINUED) 

MEASUREMENT 

AV2 19-9 

AV220-9 

AV22 1-9 

AV222-9 

AV223-9 

AV224-9 

AV225-9 

AV226-9 

AV227-9 

AV228-9 

AV229-9 

AV230-9 

MEASUREMENT NAME 

V ib ra t ion ,  Inboard Engine Thrust  
Pad, Eng i ne 6, Long i tud  i nal 

V ib ra t i on ,  Near L i n e  I n l e t s  on Sump, 
LOX Tank 0-2, Long i tud ina l  

V ib ra t i on ,  Near L i n e  I n l e t s  on Sump, 
LOX Tank 0-3, Long i tud ina l  

Vibration,, Near L i n e  I n l e t s  on Sump, 
Fuel Tank F-2, Long i tud ina l  

V ib ra t i on ,  Near L i n e  Interchange 
Out le t ,  Bottom Center LOX Tank, 
Longi tud ina l  

V ib ra t ion ,  EngiFe 6 Fuel Suct ion 
Line, S t a t i o n  114 Downstream, 
Long i tud ina l  

V ib ra t i on ,  Eng 
Line, S ta t i on  
Longi tud ina l  

V ib ra t i on ,  Eng 
Line, S t a t i o n  

V ib ra t ion ,  Eng 

ne 6 Fuel Suct ion 
14 Upstream, 

ne 6 Fuel Suct ion 
45, Long i tud  i na 1 

ne 6 Fuel Suct ion 

V ib ra t ion ,  Engine 2 Fuel Suct 
Line, S ta t i on  90, Longi tud ina 

V ib ra t ion ,  Engine 2 Fuel Suct 
L ine,  S ta t i on  114 Downstream, 
Longi tud ina l  

na 1 

on 

on 

V ib ra t ion ,  Engine 2 Fuel Suct ion 
L ine,  S ta t i on  114 Upstream, 
Long i tud ina l  

Data too low f o r  ana lys is  

,& No data,  system discrepancy a t  the blockhouse. 
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TEST 
SA-28 

(g rms) 

0.95 

.Q 

A 

0.34 

0.28 

0.95 

1.45 

A 

0.37 

0.60 

1 .oo 

0.63 

TEST 
SA- 29 

( g  rms) 

0.95 

A 

0.10 

A 

0.36 

1.30 

1 .go 

0.16 

0.90 

0.96 

5.00 

4.60 



TABLE 6- 1 (CONT I NUED) 

TEST TEST 
SA-28 SA-29 

(q rms) (g rms) MEASUREMENT MEASUREMENT NAME 

AV23 1-9 V ib ra t i on ,  Engine 2 Fuel Suct ion 
Line, S t a t i o n  145, Long i tud ina l  

0.76 1.80 

V ib ra t i on ,  Engine 2 Fuel Suct ion 
1 -  

AV2 32 -9 
~ i i i e ,  S ta t lo ;  173.7, Lofigitudiiial 

AV233-9 V ib ra t i on ,  Engine 6, LOX Suct ion 
Line, S ta t i on  90 Downstream, 
Long i tud ina l  

0.40 1.20 

0.75 4.40 

AV234-9 V ib ra t i on ,  Engine 6, LOX Suct ion 
Line, S t a t i o n  90 a t  Elbow, 
Longi t ud ina l  

0.95 4.60 

AV2 35- 9 2.32 V ib ra t ion ,  Engine 6, LOX Suct ion 
Line, S t a t i o n  90 Upstream, 
Long i tud ina l  

0.76 

AV236-9 

AV237-9 

AV238-9 

AV239-9 

V ib ra t i on ,  Engine 6, LOX Suct ion 
Line, S t a t i o n  130.1, Long i tud ina l  

0.40 5.00 

5.40 

1 .oo 

1.10 

V ib ra t i on ,  Engine 6, LOX Suct ion 
Line, S ta t i on  157.2, Longi t u d i n a l  

0.80 

0.80 Vib ra t i on ,  Engine 2, LOX Suct ion 
Line, S t a t i o n  87, Long i tud ina l  

V ib ra t i on ,  Engine 2, LOX Suct ion 
Line, S t a t i o n  101 Downstream, 
Long i tud ina l  

1.25 

AV240-9 V ib ra t i on ,  Engine 2, LOX Suct ion 
Line, S t a t i o n  101 Upstream, 
Long i tud ina l  

1.40 0.70 

AV241-9 

AV242 -9 

0.42 0.34 

0.90 

V ib ra t i on ,  Engine 2, LOX Suct ion 
Line, S t a t i o n  130.1, Long i tud ina l  

V ib ra t i on ,  Engine 2, Lox Suct ion 
Line, S t a t i o n  157.2, Long i tud ina l  

0.60 
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SECTION 7 

ELECTRICAL CONTROL SYSTEMS 

NETWORKS I 

I g n i t i o n  command t ime o f  day ( X - j  seconds) and t e s t  duratinns I n  
seconds, from i g n i t i o n  command t o  inboard engine c u t o f f  s igna l  (IECOS) 
and outboard engine c u t o f f  signal (OECOS), f o r  t he  th ree  s t a t i c  t e s t s  
of stage S-18-2 

TEST - 
SA-27 JU 

are  1 i sted below: 

I GNI TI ON COMMAND TEST DURATl ON TO: 
DATE TIME OF DAY I ECOS OECOS 

y 8, 1965 16:41:24.827 CST 3.002 3.123 

- 

S ~ - 2 8  J u l y  9 ,  1965 16:36:23.820 CST 35.192 35.302 

SA-29 July 20, 1965 14:35:59.166 CST 143.285 144.282 

Test SA-27 was aborted a t  t ime for  commit due t o  Thrust  OK pressure 
(TOP) swi tch  2 on engine 4 not  being p icked up. 
ENGl NE SYSTEMS, f o r  f u r t h e r  discussion of t h i  s d e f i  c i  ency.) 
e l e c t r i c a l  systems funct ioned proper ly  dur ing  t h i s  t e s t .  

(See SECTION 2, 
A I  1 

Test SA-28 was terminated as scheduled by the f i  r i n g  panel 
operator  a t  canmi t p lus  32.192 seconds. Again a1 1 e l e c t r i c a l  systems 
functioned proper ly .  

Termination o f  t e s t  SA-29 was as planned, w i t h  inboard engine 
c u t o f f  being i n i t i a t e d  by t h e  swi tch se lec to r  approximately 0.5 second 
a f t e r  c losure  of  t h e  LOX l o w  leve l  sensor i n  LOX tank 0-2. Outboard 
engine c u t o f f  was i n i t i a t e d  by t h e  swi tch  s e l e c t o r  approximately 1 
second a f t e r  inboard engi ne cu to f f .  

The LOX and f u e l  tank ing  computers were i n s t a l l e d  and used for  
the  f i r s t  t ime a t  S t a t i c  Test. The LOX computer was used t o  t o p  LOX 
i n  the  p rope l l an t  loading t e s t  as we l l  as t e s t s  SA-27, SA-28, and 
SA-29. The f u e l  computer was used f o r  mon i to r ing  purposes only. Both 
computers worked s a t i  s f a c t o r i  l y .  
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Vehic le  b a t t e r y  s imu la to rs  were i n s t a l  l e d  
S t a t i c  Test. These s imu la to rs  p rov ide  shunts 
d i  s t r i  but  i on system for te lemetry  measurements 
bus currents .  They a l s o  provided mass s imu la t  
measurements o f  t he  b a t t e r y  assemblies i n  i n s t  

on s tage S-IB-2 a t  
n the  v e h i c l e  power 
o f  t he  l D l O  and 1D20 
on f o r  v i b r a t i o n  
'ument compartment 12. 

The cont ro ls  t o  the  engine purge valves were mod i f ied  r e q u i r i n g  
the  LOX dome purge pressure swi tch  t o  be p icked up be fore  the t h r u s t  
chamber fue l  i n j e c t o r  purge so leno id  could be opened. This  change was 
made t o  prevent purged f u e l  vapors from contaminat ing the  LOX i n j e c t o r  
p r i o r  t o  i g n i t i o n .  To accomplish t h i s  se r ies  sequencing i n  approxi-  

and t h r u s t  chamber f u e l  i n j e c t o r  purge l i n e s  were replaced by 0.063- 
inch  o r i f i c e s .  This  assured t h a t  the  purge pressure switches would 
be p i  cked up be fore  X - 3  seconds ( t ime f o r  i gni t i  on command). 

I mately t h e  same t o t a l  t ime,  the  0.031-inch o r i f i c e s  i n  the  LOX dome 

Prior t o  t e s t  SA-27, a broken connector was replaced on cable 
8WlOP3 (engine 8 t u r b i n e  sp inner ,  squib 2). Cables lW4 (TOP swi tch  2 
on engine 1 )  and 6Wll (Conax va l ve  squib 1 on engine 6, and TOP 
swi tch  1 on engine 6) were replaced p r i o r  t o  t e s t  SA-27 t o  s a t i s f y  
Defec t ive  Mater ia l  Not ice  M07924. 

I n  the  s imulated f l i g h t  t e s t  p r i o r  t o  t e s t  SA-27, c u t o f f  was 
i n i t i a t e d  at t ime f o r  commit due t o  a Thrust  OK i n d i c a t i o n  not  being 
received from engine 3. This  t r o u b l e  would no t  repeat dur ing  subsequent 
s imulated f l i g h t  t e s t s  and t roub leshoot ing  procedures. A f t e r  extens ive 
checks, i t  was determined t h a t  the  normal ly  open contacts  o f  e i t h e r  
re lay  K33-1 or K33-3, o r  both,  had f a i l e d  t o  c lose. The contacts  o f  
these re lays are  i n  se r ies ,  making i t  impossible t o  determine which 
re lay  had malfunctioned. These re lays ,  located i n  d i s t r i b u t o r  9A1, 
were bo th  replaced p r i o r  t o  t e s t  SA-27 ( re ference UCR 01709). 

Dur ing tests.SA-27 and SA-28, on ly  TOP switches 1 and 2 o f  each 
engine were i n  the  c u t o f f  c i r c u i t r y .  TOP swi tch  3 was monitored only.  
P r i o r  t o  t e s t  SA-28, the c i  r c u i  t r y  f o r  TOP switches 2 and'3 a t  engine 4 
was switched t o  remove the  mal func t ion ing  TOP sw i t ch  2 from the  c u t o f f  
c i r c u i t r y .  TOP sw i t ch  2 a t  engine 4 was replaced f o l l o w i n g  t e s t  SA-28. 

To prevent t h e  p o s s i b i l i t y  o f  a s i n g l e  TOP swi tch  causing the 
te rmina t ion  o f  e i t h e r  s t a t i c  t e s t  SA-28 or SA-29, a s igna l  was jumpered 
t o  the a l l -eng ines- runn ing  re lay  from the  launch sequencer, such t h a t  
a t  X-1  second, the  a l l -engines-running r e l a y  would p i c k  up regardless 
of TOP swi tch  cond i t ions .  t h i s  ensured t h a t  a t h r u s t  f a i l u r e  c u t o f f  
would no t  be g iven u n t i l  a f t e r  commit i f  t h r u s t  was low. A f t e r  commit, 
cu to f f  would be g iven i f  two TOP switches dropped out.  

The jumpered s igna l  a t  X - 1  second was no t  needed dur ing  t e s t  SA-28 
as an a l l -engines-running s igna l  was received a t  X-1.59 seconds as the  
r e s u l t  o f  the normal p ickup o f  both TOP switches a t  a l l  engine pos i t ions .  
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For t e s t  
c i r c u i t r y .  S 
i n te r rup ted  a 
14-plug fac i  1 

SA-29, a l l  t h ree  TOP switches were i n  the c u t o f f  
gnals f r o m  the  three TOP switches f o r  each engine were 

t h e  i npu t  t o  the 9A1 d i s t r i b u t o r  and connected t o  a 
t y  patch rack designated the  t h r u s t  d i s t r i b u t o r .  Signals 

f rom t h e  th ree  TOP switches were then voted i n  t h e  t h r u s t  d i s t r i b u t o r  
i n  much t h e  same manner as w i  1 1  be done i n  the  f l i g h t  c o n f i g u r a t i o n  o f  
t h i s  stage. These s igna ls  were then sent t o  the 9A1 d i s t r i b u t o r .  

C i  r c u i  t r y  w i  th in  the  th rus t  d i s t  r i  butor requi red t h a t  a1 1 t h ree  
TOP switches from an i n d i v i d u a l  engine be picked up be fore  a Thrust  
OK s igna l  f o r  t h a t  engine could be generated w i th in  t h e  9A1 d i s t r i b u t o r .  
A l l  TOP switches had t o  remain picked up through commit for  t h e  a l l -  

c o n t r o l  o f  t he  Thrust  OK c u t o f f  c i r c u i t r y  t r a n s f e r r e d  t o  stage c i r c u i t r y  
where 2 out o f  3 TOP switches must drop out be fore  a t h r u s t  f a i  l u r e  
c u t o f f  would be given. 

=--: w * y ,  --e ,,La-, - * a - - :  " ,* , ,* ,#y -n e ;  4 ,  n n - 1  Y"". ?-- be rep,=: ~ e . 3  c ~ I  t. F Q ~  1 WI c ~ I  t , 

During the  i g n i t i o n  sequence f o r  t e s t  SA-29, a s igna l  from t h e  
engine 1 t h r u s t  d i s t r i b u t o r  was not received a t  t he  9 A l  d i s t r i b u t o r .  
This t r o u b l e  was l a t e r  t raced t o  a f a u l t y  connection i n  a f a c i l i t y  
cable. Although the Thrust OK s igna l  f o r  engine 1 was not received, 
t h r u s t  f a i l u r e  c u t o f f  was not  experienced a t  t ime f o r  commit due t o  
t h e  m o d i f i c a t i o n  t o  t h e  a l l -engines-running c i r c u i t .  
c o n t r o l  was t r a n s f e r r e d  t o  the  stage w i  r i n g  where t h e  f a u l t y  f a c i  1 i t y  
connection d i d  not  a f f e c t  system performance. 
the  th ree  pressure switches f o r  each-engine and t h e  associated 
c i r c u i t r y  funct ioned proper ly .  

Fol lowing c m i t ,  

With t h i s  except ion,  

During t.est SA-29, t he  fue l  tanks were i n i t i a l l y  pressur ized by 
the  stage p ressu r i z ing  system. Fuel p ressu r i z ing  valves 1 and 2 were 
d isab led  a t  X+71.50 seconds by the  launch sequencer and fue l  tank 
pressure was maintained by t h e  f a c i l i t y  f u e l  tank p ressu r i z ing  system. 
Th is  system was energized by X+69.28 seconds when tank pressure dropped 
below 6.45 psig.  

The opera t ing  times f o r  major func t ions  f r o m  f i r i n g  command t o  
reset f o r  t e s t  SA-29 are shown i n  FIGURES 7-1 through 7-3. Fuel 
bubbl ing t ime was not  recorded due t o  a f a u l t y  connection i n  t h e  
recorder d i s t r i b u t o r .  

GIMBAL CONTROLS 

Since c u t o t f  occurred p r i o r  t o  l i f t - o f f  du r ing  t e s t  SA-27, no 

Operation o f  t he  gimbal c o n t r o l  
gimbal data were received f rom t h a t  t e s t .  The gimbal program f o r  
t e s t  S ~ - 2 8  i s  g iven  i n  TABLE 3-1. 
system was normal except f o r  e r r a t i c  hyd rau l i c  pressure t races  on 
engines 2, 3 ,  and 4. 



The gimbal program f o r  t e s t  SA-29 i s  presented i n  TABLE 3-2. 
Dur ing t h i s  t e s t ,  the gimbal system performed normal l y  w i t h  two m i  nor  
except ions.  The yaw i n p u t  s igna l  t r a c e  on engine 3 osc i l l og raph  
deckeased steadi l y  from 0.500 degree a t  8 cps t o  0.425 degree a t  
20 cps. This problem was inves t i ga ted  i n  post t e s t  checkout and found 
t o  have been caused by a f a u l t y  galvanometer. 
replaced and the  problem d i d  not  recur. Engines 2 and 4 a l s o  showed 
e r r a t i c  supply pressure t races  du r ing  t e s t  SA-29. 
discussed i n  more d e t a i l  i n  the  HYDRAULIC SYSTEMS sec t i on  of  t h i s  
repor t .  A l l  o ther  e l e c t r i c a l  s igna ls  appeared s a t i s f a c t o r y .  

The galvanometer was 

This  problem i s  
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SECTION 8 

TELEHETRY SYSTEMS 

F l i g h t  inst rumentat ion requirements f o r  stage S- 8-2 a re  spec i f ied  
i n  drawing 60~50006, instrumentat ion Program and Components L i s t .  A 
measurements Data F:w Chart i s  shown In F!GUP.E 8-1. 
purpose o f  operat ing the  telemetry (T/M) system dur ing  s t a t i c  t e s t  i s  
t o  v e r i f y  t he  proper operat ion of the  f l i g h t  T/M components i n  a 
s i m u l a t e d - f l i g h t  environment p r i o r  t o  launch. During the  s t a t i c  
t e s t ,  s igna ls  f r o m  the  var ious f l i g h t  transducers and simulated s igna ls  
a re  t ransmi t ted  by an RF l i n k  from the  s t a t i c  t e s t  tower antennas t o  
the  Chrys ler  te lemeter ground s ta t ion .  

The primer\/ 

For t e s t s  SA-27 and SA-28, 61 f l i g h t  transducers were disconnected 
and hardwi red t o  recorders i n  the blockhouse. These measurements a re  
requi red f o r  acceptance t e s t  data eva lua t ion  and r e d l i n e  monitor ing.  
An add i t i ona l  145 transducers, which were hardwi red o r  not  i n s t a l  led,  
were s imulated by u t i l i z i n g  a constant s igna l  f o r  checkout o f  t he  
te lemeter system. The remainder o f  the  stage measurements (323) were 
i n  f l i g h t  cond i t i on  f o r  t e s t s  SA-27 and SA-28. 

For t e s t  SA-29,, 62 f l i g h t  transducers were disconnected and hard- 
w i  red t o  recorders i n  the  blockhouse. These measurements a re  requi red 
f o r  acceptance t e s t  data evaluat ion and r e d l i n e  monitor ing.  An addi-  
t i o n a l  149 transducers, which were hardwired o r  not i n s t a l l e d ,  were 
s imulated by u t i  l i z i n g  a constant s igna l  f o r  checkout o f  t he  te lemeter 
system. 
condi t i  on f o r  t e s t  SA-29. 

The remainder of  the stage measurements (318) were i n  f l i g h t  

h 

Results f rom a l l  t e s t s  i nd i ca te  tha t  t he  o v e r a l l  f unc t i on  of the  
T/M systems was sat is factoFy.  
mentat ion discrepancies i s  shown i n  TABLE 8-1. 
o f  parameters were measured independently by T/M and hardwi re. 
sons of T/M and hardwire measurement values a t  a s l i c e  t ime o f  X+29 t o  
32 seconds are  shpwn i n  TABLES 8-2, 8-3, and 8-4. 

The percentage o f  T/M system i n s t r u -  
A s i g n i f i c a n t  number 

Compari - 

PRESTATIC TEST TELEMETRY OPERATIONS 

1. C a l i b r a t i o n  .of t he  Telemetry-Airborne DDAS. The v e r i f i c a -  
t i  on o f  t he  accuracy o f  t he  Telemetry-Ai rborne DDAS was performed 
through the  use o f  the RCA 110 cmputer  located i n  the  blockhouse. 
Sa t i s fac to ry  r e s u l t s  were obtained. 

89 



2. I n i t i a l  Status o f  Measurement. Upon i n i t i a l  a p p l i c a t i o n  
o f  power t o  stage S-IB-2 fo l l ow ing  e r e c t i o n  i n  the  S t a t i c  Test Tower, 
an automated scan of f 1 i ght measurements was performed through the  
DDAS t o  determine the  i n i t i a l  s ta tus  of  f l i g h t  inst rumentat ion.  Since 
a l l  measurements do no t  appear on the  DDAS l i n k ,  a measurement scan 
was a l s o  performed on s i n g l e  s ide  band type measurements and the  
FM/FM type measurements over t h e i r  broadcast loops. The i n i t i a l  s ta tus  
o f  t he  f l i g h t  ins t rumenta t ion  was compiled and i s  shown i n  TABLE 8-5. 
This  t a b l e  l i s t s  a1 1 measurements t h a t  requi red some type o f  work 
( c a l i b r a t i o n ,  t roubleshoot ing,  i n i t i a l  i n s t a l l a t i o n ,  e tc . )  necessary 
f o r  s t a t i c  f i r i n g .  I t  can be seen t h a t  about 72 percent o f  a l l  
measurements requ i red  work a t  S t a t i c  Test. The m a j o r i t y  o f  measurements 
t h a t  were re jec ted  were s t r a i n  gage measurements t h a t  were c a l i b r a t e d  
when the  stage was i n  the  ho r i zon ta l  p o s i t i o n .  These requ i red  r e c a l i -  
b r a t i o n  when the  stage was erected i n  STTE. 

3 .  F l i g h t  Measurement Status P r i o r  t o  Test SA-28. A1 
measurements were accepted f o r  s t a t i c  f i r i n g  w i t h  the  except ion 
those measurements s h w n  i n  TABLE 8-6. 

4. T/M Packages RF Power Measurements. P r i o r  t o  t e s t  
and fo l l ow ing  t e s t  SA-29, t he  f o l l o w i n g  te lemet ry  system parame 
were checked: 

f l i g h t  
o f  

SA-27 
ers  

a. RF Frequency 
b. RF Power 
c. Subcar r ie r  O s c i l l a t o r  Frequency 
d. Subcar r ie r  O s c i l l a t o r  Preemphasis 

A l l  values were w i t h i n  to le rance or-were adjusted t o  be w i t h i n  
to1 erance. 

Dur ing p r e s t a t i c  t e s t s ,  the b ias  o f  the  F2 te lemet ry  package 70 KC 
subcar r i e r  o s c i l l a t o r  was found t o  be d r i f t i n g .  A replacement f o r  
t h i s  o s c i l l a t o r  was no t  a v a i l a b l e  p r i o r  t o  t e s t  SA-28. Fo l low ing  t e s t  
SA-29, t h i s  osc i  1 l a t o r  i n v e s t i g a t i o n  revealed t h e  5 v o l t s  dc te lemetry  
re ference vo l tage f o r  measurement D89 had s h i f t e d  from 5.00 v o l t s  t o  
4.90 v o l t s .  The 089 vo l tage was adjusted and a l l  S C O ' s  o f  the  
te lemet ry  packages were recal  i brated. 

5. P1 Mu l t i p lexe r .  Four channels, PlBO-07-01, PlBO-06-06, 
PlBO-08-10, and PlB1-09-10, t o  the  P1 m u l t i p l e x e r  had no assigned 
measurements. These channels a re  w i  red t o  open-ci r cu i  t ed  te rmina ls  
i n  a measurement d i s t r i b u t o r .  A l O O K  i n p u t  r e s i s t o r  on the submul t i -  
p lexer  card  was removed f o r  each o f  t he  f o u r  inputs .  The open- 
c i r c u i t e d  input  t o  the  submul t ip lexer  generates approximately 2 v o l t s  
o f  noise. 



It i s  recommended t h a t  a lOOK r e s i s t o r  be i n s t a l l e d  i n  an 
associated measuring d i s t r i b u t o r  f o r  a l l  vacant channels which have 
t h e  lOOK r e s i s t o r  removed. This w i l l  e l i m i n a t e  t h e  open c i r c u i t  
c o n d i t i o n  and i t s  inherent excessive noise. 

6. Out r iqger  S t r a i n  Measurements. Out r igger  s t r a i n s  a re  
being measured f o r  t h e  f i r s t  time on stage S-IB-2. These measurements 
a re  c u r r e n t l y  undergoing redesign. Those measurements t h a t  cou ld  be 
p roper l y  c a l  i bra ted  a t  Stat1 c Test were ca l  i bra ted  and showed usable 
data. 

7. PCM/RF Assembly. P r i o r  t o  t e s t  SA-25, o f  stage S - I  8-1 , 
two PCM/RF assemblies, P/N 5OM12187-1, malfunctioned. 
assembly, S/N 002, was found t o  generate no RF power dur ing  i n i t i a l  
tests .  
modulat ion a f t e r  being i n s t a l l e d  f o r  approximately 1 hour. P r i o r  t o  
t e s t  SA-27 on stage S-IB-2, two  o f  these PCM/RF assemblies mal- 
functioned. Each o f  these RF assemblies on stage S-IB-2 ( s e r i a l  
numbers 002 and 003) f a i l e d  t o  modulate the  RF s igna l  p roper l y  ( re fer -  
ence UCR's 01112, 01115, 01703, and 01717 on stages S-1%-1 and s-IB-2). 
Only two PCM/RF assemblies ou t  o f  a t o t a l  o f  s i x  were r e l i a b l e  a t  
s t a t i c  t e s t .  
packages, an i nves t i  g a t i  on should be conducted t o  determi ne methods 
o f  improvement o f  t he  re1 i a b i  li t y  o f  these assembl i es. 

One PCM/RF 

The second PCM/RF assembly, S/N 001, was found t o  l ose  RF 

Because o f  t he  very sho r t  per iods o f  usefulness o f  these 

8. L i q u i d  Level Discrete.  While stage S-IB-2 was a t  t h e  
s t a t i c  t e s t  f a c i l i t y  s ix .  l i q u i d  l e v e l  d i s c r e t e  probes became defec t ive .  
Since t h e r e  a r e  135-probes on stage S-IB-2, t h i s  represents a f a i l u r e  
r a t e  o f  about 4 percent. 
and are  h i g h l y  inaccessible.  Because o f  t h e  l a rge  number of  probes 
invo lved and because of t h e i r  i n a c c e s s i b i l i t y ,  4 percent i s  considered 
a h i g h  f a i  l u r e  ra te.  I t  i s  recommended t h a t  an i n v e s t i g a t i o n  be con- 
ducted t o  f i n d  a more rugged type transducer t o  be i n s t a l l e d  on a l l  
f u t u r e  Chrysler bui  It Saturn S - I S  stages. 

The probes are  i n s i d e  t h e  p rope l l an t  tanks 

9. Command Destruct  Receivers. During s t a t i c  t e s t  SA-29, 
the command des t ruc t  receivers (CDR's) d i d  not respond t o  i n te r roga t  i on 
f rom a t r a n s m i t t e r  located i n  the Chrys le r  Ground S t a t i o n  (on previous 
stages the  t r a n s m i t t e r  has been loca ted  on the roo f  o f  b u i l d i n g  4708 
w i t h i n  a few f e e t  of the t r a n s m i t t i n g  antenna). 
f a i  l u r e  o f  t h i s  system, measurements K65-13, K66-13, K63-11, K 6 4 1 1 ,  
VKl34-11,  and VK135-11 d i d  not operate. 

As a r e s u l t  of t h e  

The t r a n s m i t t e r  i s  c r y s t a l  c o n t r o l l e d  and operates a t  a frequency 
of 449.963 mc although the  des i rab le  frequency would be t h a t  o f  t h e  
command des t ruc t  rece ivers  (450.000 mc) . 



Tests conducted a f t e r  t e s t  SA-29 revealed t h a t  both receivers 
would respond i f  the  d e v i a t i o n  was increased from 30 kc t o  33.2 kc 
f o r  rece iver  2 (S/N 362), and 50 kc f o r  rece iver  1 (S/N 361). Since 
s p e c i f i c a t i o n s  requi r e  t h a t  t h e  receivers respond t o  50 kc d e v i a t i o n  
o r  less,  i t  was decided t o  remove rece iver  1 f o r  bench t e s t s .  Bench 
t e s t s  a t  exac t ly  450 mc showed t h a t  25 kc d e v i a t i o n  would i n t e r r o g a t e  
the  receiver .  Although t h i s  i s  somewhat less s e n s i t i v e  than previous 
stage CDR's ,  i t  i s  w e l l  w i t h i n  s p e c i f i c a t i o n s .  

I t  may be concluded t h a t  a combination of i n s u f f i c i e n t  s igna l  
s t rength,  i n s u f f i c i e n t  d e v i a t i o n ,  and improper center  frequency o f  
t h e  t r a n s m i t t e r  was responsible f o r  the  f a i  l u r e  o f  t h e  CDR t o  respond 
dur ing  t e s t  SA-29. 

I O .  Level Sensors Set t ings  and Ind ica t ions .  Dur ing t h e  long 

The propel  l a n t  
dura t ion  s t a t i c  f i r i n g ,  t e s t  SA-29, t h e  low l e v e l  c u t o f f  sensors i n  
tanks 0-2, 0-4, F-2, and F-4 operated s a t i s f a c t o r i  l y .  
he ights  as ind ica ted  by t h e  continuous l e v e l  probes, when t h e  l o w  l e v e l  
sensor actuated i n  each tank are as fo l lows:  

Cont i nuous Level 
Tank Probe Height 

0- 2 13.4 inches 

- 

0-4 , 12.7 inches 

'F- 2 21.1 inches 

F- 4 21.7 inches 

The actual  l o c a t i o n  o f  the  LOX l e v e l  c u t o f f  sensors i s  
14.06 inches above the  zero p o s i t i o n  o f  t h e  continuous l e v e l  probe, 
and f u e l  level  sensors a r e  20.96 inches above t h e  zero p o s i t i o n  i n  
the  f u e l  tanks. 

Since the height  o f  the  c u t o f f  sensors i s  nominal, i t  i s  concluded 
t h a t  a l l  sensors operated proper ly .  

1 1 .  Combustion Chamber Pressure Measurements D1-1 throuqh 01-8. 
Combustion chamber pressure measurements were ca l  i bra ted  by means of 
t h e  D i g i t a l  Data A c q u i s i t i o n  System (DDAS). These measurements were 
a l s o  t ransmi t ted  over a hardwire loop t o  t h e  blockhouse. 
of t h e  T/M and hardwi r e  combusti on chamber pressure measurements i s 
shown i n  TABLE 8-4. Telemetered data from these measurements were 
s a t i s f a c t o r y .  

A comparison 
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. 
12. l n f l i g h t  Tape Recorder. The f l i g h t  tape recorder records 

in fo rmat ion  f r o m  the  F1 and F2 telemeter packages commencing w i t h  
s tep  4 o f  the  swi tch  s e l e c t o r  (simulated l i f t - o f f  p lus  39.2 seconds) 
u n t i l  26 seconds a f t e r  t he  Separation Explosive Br idge Wire (EBW) 
Command. A t  t h a t  t ime, a s ignal  f r o m  t h e  26-second t i m e r  s t a r t s  t h e  
tape recorder playback funct ion.  The tape recorder plays back u n t i l  
s tep  12 o f  t he  switch se lec to r .  

During t e s t  SA-29, the tape recorder recorded 128.4 seconds o f  
in fo rmat ion .  
Separation EBW Comnand, which occurred 1.88 seconds a f t e r  t he  LOX 
l o w  l e v e l  sensor (K15-02) was enerqized. The i n f l i q h t  tape recorder 
operated s a t i s f a c t o r i  l y  and good data were obtained. 

The playback func t ion  s t a r t e d  26.0 seconds a f t e r  t h e  

13. Measurements That Exceeded Thei r Operati ng Range. TABLE 
8-7 shows measurements t h a t  exceeded t h e i r  opera t ing  range dur ing  
s t a t i c  t e s t  SA-29. Except for the excessive opera t ing  range, the  
measurements appeared sa t i s fac to ry  and are not considered discrepant.  
Measurement E33-7 i s  discussed i n  S t a t i c  Test Telemetry Operations, 
paragraph 2. 

STAT1 C TEST TELEMETRY OPERATI ONS 

1. Turbine RPM Measurements T12-1 Through T12-8. Upon 
a r r i v a l  o f  stage S-IB-2 a t  t h e  s t a t i c  t e s t  f a c i l i t y ,  t he  b ias  o f  t he  
frequency d i v i d e r s  f o r  t h e  rpm measurements was 
ad jus ted  t o  +2.5 v o l t s  and improper opera t ion  was noted. The bias was 
readjusted t o  0.5 v o l t s  and s a t i s f a c t o r y  opera t ion  was obtained. 
t h e  t e s t  f i r i n g ,  very good data were received from a l l  frequency 
d i v ide rs .  Comparison o f  T/M and hardwire rpm values Is shown i n  TABLE 

found t o  be improper ly 

During 

8-3. 

2. V i b r a t i o n ,  Thrust Chamber Dome. On previous Saturn stages, 
t h e  E33 measurements ( th rus t  chamber dome v i  b r a t  i ons) i ndi cated maxi mum 
readings (more than 35 g rms) dur ing s t a t i c  f i r i n g .  V i b r a t i o n  measure- 
ments a t  t h e  same loca t i on ,  which have been hardwired t o  the  block- 
house du r ing  previous f i r i n g ,  ind ica ted  less severe v i b r a t i o n s .  

The transducer used i n  t h e  normal hardwi r e  measurement a t  engine 1 , 
PVlD7-1, i s  a Cubic t ransducer,  connected t o  the blockhouse i n  the  
normal manner. This transducer i n d i c a t e d  a v i b r a t i o n  of 10 g rms 
du r ing  t h e  t e s t  SA-28. The f l i g h t  measurement (E33-1) transducer was 
hardwired t o  the blockhouse i n  the same manner as PV107-1. Th is  was a 
Glenn i te  transducer. The osci l lograph t e s t  record i nd i ca ted  a v i b r a t i o n  
o f  90 g rms for measurement E33-1. F l i g h t  measurement E33-5 transducer 
and i t s  assoc iated Universal Measuring A m p l i f i e r  (UMA) was a l s o  hard- 
w i red  t o  the blockhouse t o  determine t h e  e f f e c t  o f  the UMA on the  
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v i  b r a t i o n  data. The osci  1 lograph t e s t  record o f  measurement E33-5  
i n d i c a t e d  a v i  b r a t i o n  of  35  g rms. The UMA caused some f i  l t e r i n g  o f  
f requencies above 3 k i l o c y c l e s  ( K C ) ,  t h e  frequency l i m i t  o f  t h e  s i n g l e  
s ide  band telemetry system. Measurement E33-7 was broadcast over t h e  
s i n g l e  s i d e  band te lemetry  loop i n .  i t s  normal manner. The osci  1 lograph 
t e s t  record ind ica ted  a v i b r a t i o n  o f  35  g rms. T o  measure t h e  e f f i c i e n c y  
o f  the  s i n g l e  s i d e  band te lemetry  system, a 1 KC and a 2 KC s igna l  
were fed i n t o  two channels. S a t i s f a c t o r y  response o f  the te lemetry  
system t o  t h i s  i n p u t  was noted. Some no ise  i s  seen on the  peaks o f  
both o f  these s igna ls .  
power. The s i n g l e  s i d e  band te lemet ry  i s  h i g h l y  s e n s i t i v e  t o  no ise on 
the +28 v o l t  1 i ne (reference, "Prel i m i  nary  S t a t i c  Test Report" f o r  t e s t  
SA-26). 
t e s t s .  However, the  noise t h a t  i s  present i s  c l e a r l y  seen on the  1 KC 
and 2 KC s igna ls .  

This may be due t o  no ise on t h e  +28 v o l t  v e h i c l e  

This no ise  was less du r ing  t e s t  SA-28 than du r ing  prev ious 

This i n v e s t i g a t i o n  was cont inued f o r  t e s t  SA-29. Two Glenn i te  
f l i g h t  transducers (E33-1 and E33-5) and a CEC v i b r a t i o n  t ransducer 
were connected d i r e c t l y  t o  a po r tab le  tape recorder located i n  t h e  
s t a t i c  t e s t  tower. A frequency spectrum ana lys is  o f  the  Glenn i te  
( E 3 3 - 1 )  and CEC transducers was performed. I t  was noted t h a t  both 
t ransducers show g forces from 2 t o  4 g rms from 500 cps t o  6,000 cps. 
Each o f  t h e  two show a peak va lue a t  about 7,000 cps; however, the  
Glenni te  transducer i n d i c a t e s  I 6  g rms, wh i l e  the C E C  i n d i c a t e s  o n l y  
about 6 g r m s .  Both t ransducers i n d i c a t e  a decrease i n  ampl i tude 
above 7,000 cps, w i t h  the CEC showing a gradual increase a t  f requencies 
above 20,000 cps. A frequency ana lys is  was a l s o  performed on a Cubic 
t ransducer tha t  was hardwired t o  the  blockhouse. A comparison o f  the  
r e s u l t s  o f  the CEC and the Cubic t ransducers show t h a t  s i m i l a r  data 
up t o  10,000 cps are generated i n  each case. A 10,000 cps f i l t e r  
l i m i t s  data above 10,000 cps f o r  the Cubic t ransducer.  

The frequency analyses i n d i c a t e  a poss ib le  resonance o f  t h e  Glenn i te  
t ransducer about 7,000 cps. Therefore,  t h e  Glenni te  and the C E C  t rans-  
ducers were v i b r a t i o n  tested on a shake t a b l e .  The C E C  t ransducer 
responded i n  a l i n e a r  fashion from 0 t o  10,000 cps. The Glenn i te  
t ransducer output vo l tage increased i n  ampl i tude from 4,000 cps t o  
7,000 cps, w i t h  a resonant peak a t  approximately 7,000 cps. 

High v i b r a t i o n  energy i s  present a t  about 7,000 cps on t h e  engine 
chamber domes and the Glenni te  f l i g h t  t ransducer has a na tura l  resonant 
frequency a t  about 7,000 cps. 
t ransducer t o  i n d i c a t e  a very h i g h  ampl i tude around 7,000 cps. This 
very h i g h  amp1 i tude causes the  te lemetry  system t o  i n d i c a t e  no ise  
instead o f  data. 

These two f a c t o r s  cause t h e  Glenn i te  

94 



I 

As a p a r t  of the  t h r u s t  chamber dome v i b r a t i o n  i n v e s t i g a t i o n ,  
f o u r  v i b r a t i o n  channels (measurements E33-1, E33-3, E33-5, and E33-7) 
were broadcast over t h e  s i n g l e  s ide band te lemetry  loop. The compari- 
son appears ' to  subs tan t ia te  t h e  f ind ings  o f  the spectrum analyses 
prev ious ly  described. 

I t  Is recommended t h a t  use of t h e  Glenni te  type transducer be 
d iscont inued f o r  t h r u s t  chamber dune v i  b r a t i o n  measurements. A 
proposed replacement i s  manufactured by CEC, Par t  Number 4-280-0105. 

P r i o r  t o  t e s t  SA-29, a f i l t e r  was i n s t a l l e d  i n  t h e  +28 v o l t  power 
t o  the  s i n g i e  s i d e  band telemetry package. To t e s t  the e f f e c t  o f  t h i s  
f i  l t e r  an osci 1 l a t o r  i n p u t  was connected t o  two channels (measurements 
E33-1 and E33-5). The 1 kc and 200 cps s igna ls  showed very  l i t t l e  o f  
t h e  noise t h a t  has been noted on s i m i  l a r  o s c i l l o g r a p h  t races when no 
f i l t e r  was i n s t a l l e d .  Th is  substant ia tes t h e  f a c t  t h a t  t h e  s i n g l e  s i d e  
band te lemetry  package i s  s e n s i t i v e  t o  no ise on the  +28 v o l t s  supply. 
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TABLE 8-1 

I 
I To ta l  Percent Fai 1 u re  

TELEMETRY SYSTEM INSTRUMENTATION 
D I  SCREPANC I ES 

TYPE OF MESUREMENT 

Ac t i ve  F1 i ght  Measurements 

Discrepant Measurements 

Percent Fai 1 u re  

S i  mu1 ated Measurements 

D i s c rep ant  Mea s u r emen t s 

Percent Fai 1 u r e  

Tota l  Measurements . 
Tota l  D i  screpant Measurements 
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TEST SA-28 

323 

8 

2.5% 

206 

1 

0.5% 

5 29 

9 

1.7% 

TEST SA-29 

318 

13 

4.0% 

21 1 

4 

1.9% 

5 29 

17 

3.2% 



TABLE 8-2 

COMPARISON OF TELEMETERED AND LANDLINED TRANSDUCERS 

PERCENT DIFFERENCE = HW-TM X 100 
HW 

HARDWI RE 
NUMBER 

CP102-g 
CPl OO-g 
F P l O l - F 3  
FPlO3-  1 1 
LPlO2-oc 

+:PP 1 00- 1 
+;PPI 00-2 

;:PPlOO-4 
;:-PP 100-3 

;:~~100-5 . 

w p i  00-7 

++pi 13- I 
+;PP1 13-2 
7':PPl 13-3 
;';PPI 13-4 
;:PPI 14-1 
;':PPI 14-2 
;:PPI 14-3 
;:PPI 14-4 

;:PPI 00-6 

+;PPI 00-8 

;:PT 102- 1 
+:PTlO2-2 
+:PT~ 02-3 
+cPT 1 02- 4 
+;PT102-5 
;':PT102-6 
;':PT 1 02- 7 
+:PT102-8 

:':PTlO7-2 
+:PT~ 07- 1 

>':PT107-3 
+:PTlO7-4 
;':PT107-5 
+;PT107-6 
;':PTlO7-7 
aPT107-8 

MEASURED 
VALUE 

2479 ps i  a 
767 p s i a  

1864 p s i a  
26.5 p s i a  

52.9 p s i a  
724 p s i a  . 
720 p s i  a 
714 p s i a  
741 p s i a  
786 ps i  a 
731 p s i a  
722 p s i a  
717 p s i a  
41.9 p s i a  
43.5 p s i a  
43.3 p s i a  
43.5 p s i a  
66.2 p s i a  
67.1 p s i a  
68.0 p s i a  
67.0 p s i a  

1270:F 
1233 F 
1224OF 
121 5zF 
1287 F 
1 26OoF 
1252OF 
1 25OoF 
- 292.3:F 

-292.5:F 
-292.0 F 

-292. SOF 
- 292. 50F 
-292.8 F 
-292.3OF 
- 293.8OF 

FLI GHT 
NUMBER 

D40-9 
D41-9 
D2- F3 
D139-1 1 
~ 3 - o c  

034-3 

D34-5 
D34-6 

D34- 1 
D34-2 

D34-4 

034-7 
D34-8 
D12-1 
D12-2 
D12-3 
D12-4 
D13-  1 
D13-2 
D 1 3 - 3  
D13-4 
cg- 1 
C9-2 
c9-3 
cg-4 
c9-5 
Cg-6 
c9-7 
Cg-8 
C 5 4 -  1 
C54-2 
c54-3 
c54-4 
c54-5 
C54-6 
c54-7 
C54-8 
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MEASURED 
VALUE (OF) 

2480 p s i a  
749 p s i a  

1840 p s i a  

740 p s i a  
732 p s i a  
728 p s i a  
735 p s i a  
730 ps i  a 
728 p s i a  
716 p s i a  
730 ps i  a 

25.7 p s i a  

50.9 p s i a  

41.7 p s i a  
43.0 p s i a  
42.4 p s i a  
39.5 p s i a  
66.0 p s i a  
66.5 p s i a  
65.6 p s i a  
65.3 p s i a  

1344OF 
1323zF 
1253 F 
1234OF 
1250zF 
1 2550F 
1269 F 
1264OF 
-292.2:F 

-292.6 F 
- 292.6OF 
- 292.9EF 

- 292.4OF 
-292.7OF 

-292. 70F 

-293.0 F 

TEST ~ ~ - 2 9  
PERCENT 

D I  FFERENCE 

-0.04 
+2.35 
+3.02 
+1.29 
+3.78 
-2.21 
-1.67 
-1.96 
+0.81 
+7.12 
+O. 41 
+O. 83 
-1.81 
+O. 48 
+l. 15 
+2.08 
+9.20 
+O. 30 
+O. 89 
+3.53 
+2.54 
-5-83 
-7.30 
-2.37 
-1.56 
+2.87 
+O. 40 
-1.36 
-1.12 
+O. 03 
-0.21 
-0.03 
-0.03 
-0.14 
-0.0.7 
-0.03 
+O. 03 

i 
i 
i 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 



TABLE 8-3 

COMPARISON OF T/M AND HARDWI RE TURBINE RPM VALUES 

TEST SA-29 

HARDWI RE MEASURED FLI GHT MEASURED RPM 
NUMBER VAiUE NUMBER VALUE D I FFERENC E 

:'cPR 1 00- 1 Data Lost T12- 1 33,709 - 
:':PR 1 00- 2 33,281 T12-2 33,350 69 

~'cPR100-3 33.375 T12-3 33,367 8 

+:PR 100-4 32,944 ~ T12-4 32,944 0 

2':PR 100-5 33,047 T12-5 33,025 22 

:':PRlOO-6 33,481 - T12-6 33,469 12 

$:PR 1 00- 7 33,074 T12-7 33,054 20 

, nPR100-8 33,124 T12-8 33,115 9 

+:PP 1 08- 5 D1-5 -0.468 

+cPP 1 08- 6 D 1 - 6  -0.401 

:cPP 1 08- 7 ~ 1 - 7  -0.466 

fcPPIO8-8 D1-8 -0.052 . 

TABLE 8-4 

COMPARISON OF TELEMETERED AND HARDWIRED 
CHAMBER PRESSURE MEASUREMENTS 
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TABLE 8-5 

I N I  TI  AL S- 18-2 MEASUREMENT STATUS AT STTE 

~~ 

TOTAL NUMBER OF MEASUREMENTS 

MEASUREMENTS THAT REQUl RED WORK: 

a. I n s t a l l a t i o n  o f  S i m u l a t o r s  
b. S t r a i n  Measurements t h a t  Requi r e d  Cal  i b r a t i  on 
c.  A c t i v e  F1 i g h t  Measurements t h a t  Requi r e d  Cal  i b r a t  i o n  

TOTAL MEASUREMENTS THAT REQUl RED WORK 

PERCENTAGE OF MEASUREMENTS THAT REQUI RED WORK 

TABLE 8-6 

MEASUREMENT STATUS P R I O R  TO TEST SA-28 

MEASUREMENTS 

C546- 16 

C548- 16 

s556- 22  

S627-9 

S671-9 

S613-9 

529 

21 1 
1 2 4  

53 

3 88 

73% 

- 

REMARKS 

No S i m u l a t o r  A v a i l a b l e  (OK f o r  T e s t  SA129) 

No S i m u l a t e d  A v a i l a b l e  (OK f o r  T e s t  SA-29) 

D e f e c t i v e  Res 
SA-29) 

No Gage 

D e f e c t  i v e  Amp 

s t o r  I n s i d e  Dummy P l u g  (OK f o r  T e s t  

i f i e r  (OK fo r  T e s t  SA-29) 

MEASUREMENT STATUS P R I O R  TO TEST SA-29 

I 1 1 

MEASUREMENTS REMARKS 

L20- F2 M a r g i  n a l  O u t p u t .  W i  1 1  Requi r e  Repai r Duri ng  Pos t  
S t  a t  i c Ope r a t  i ons . 

I I I 

100 

' 4  
- I  
I 
I 
1 
I 
1 
I 
1 
I 
I 
I 
1 
I 
I 
I 
I 
I 



TABLE 8-7 

MEASUREMENTS THAT EXCEEDED THE1 R RANGE 

C555- 1 1 

E33-7 

~ 2 2 6 -  1 i 

E227- 1 1 

E505  1 1 

A 5 4 1  1 

C37-0C 

E l  68- 10 

AND DESCRI PTI ON 

Temperature Manhole Cover 
Tank 0-C 

V i b r a t i o n  Thrust Chamber 
Dane, Long. 

V i b r a t i o n  Upper St ructure,  
Long. 

V i b r a t i o n  Upper St ructure,  
P i t c h  

V i b r a t i o n  Spider Beam, 
Perpend i cu 1 a r 

Accelerat ion,  Yaw 

Temperature Gas TOP LOX 
Tank 

V i  b r a t i o n  Center Tank Yaw 

RANG E 

+45% 

5 0  9 

25 9 

$5 9 

210 9 

9 . 5  g 

+20O0C 

50.5 9 

- 20 

-150 

TEST 
SA- 28 

-8OOC 

255 9 

26 9 

+6.5 - 9 

212 9 

Wi th in  
Range 

W i  t h i n  
Range 

W i  t h l  n 
Range 

TEST 
SA-29 

-8OOC 

255 9 

+6 9 

26 9 

212 9 

-0.7 
+0.8 9 

- 1 64OC 

+0.75 9 
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SECTION 9 

CONCLUS I ONS 

Based on the  ana lys is  o f  the r e s u l t s  o f  t e s t s  SA-27, SA-28, and 
SA-29 and t h e  post  t e s t  hardware inspect ion,  the  f o l l o w i n g  conclusions 
a r e  presented. 

The a b o r t i o n  o f  t e s t  SA-27 a t  t ime f o r  commi t was a r e s u l t  o f  
delayed p ickup of Thrust OK pressure (TOP) s w i  t c h  2 o f  engi ne 4. 
Test records i ndi cated engi ne performance was sat  i s fac tory .  

A1 1 stage systems performed s a t i s f a c t o r i  l y  dur ing  t e s t  SA-28 
and SA-29. 

Special leak  checks performed on t h e  LOX dome purge check valves 
showed no evidence o f  leakage or body cracking. 

. The h y d r a u l i c  o i l  supply pressure f l u c t u a t i o n s  noted on o s c i l l o -  
graph t e s t  records on t h i s  stage and previous stages a r e  not  a r e s u l t  
o f  f l u c t u a t i o n s  i n  t h e  hydrau l i c  o i l  pressure but a re  a t t r i b u t e d  t o  
s i g n a l  c o n d i t i o n i n g  i n  t h e  Blockhouse. 

The r i p p l e s  t h a t  were observed i n  the  s k i n  o f  f u e l  tank F-3 on 
stage S-IB-2 and previous stages appear to be formed by l o c a l i z e d  
thermal s t resses i n  the tanks dur ing s t a t i c  f i r i n g s .  

The modi f ied gimbal boots u t i l i z i n g  the  aluminized f a b r i c  bonded 
t o  the  boots a re  u n s a t i s f a c t o r y  f o r  use a t  S t a t i c  Test. 

The h igh  g- leve ls  noted by the  t h r u s t  chamber dome v i b r a t i o n  
measurements E33 a re  a t t - r ibu ted  t o  resonance w i t h i n  t h e  Glenn i te  
transducers and no t  t o  h igh  v i b r a t i o n  leve ls .  



SECTION 10 

RECOHHENDATI ONS 

Based on the analysis of stage S-IB-2 tes data d ost t t 
hardware inspections, the following recommendations are presented: 

ENG INE SYSTEMS 

No engine reorificing is required. 

The erosion of the aspirator lips on engines 3 and 4, caused by 
hot gases which were diverted by the thrust chamber drain screw access 
port covers, requires Material Review Board action to determine whether 
repairs are required. However, it is recommended that no repairs be 
made since erosion of the aspirator lip does not effect engine per- 
formance for launch. It is further recommended that the drain screw 
access port covers be deleted for launch. 

It is recommended that the leak at engine 1 thrust chamber 
jacket be repaired at Michoud so that the fuel prefill can be retained 
during launch countdown. 

It i s  recommended that Rocketdyne provide lockwire holes in the 
B - n u t s  on the T h r u s t  OK pressure switch, supply manifo ld  connections. 
(One of the B-nuts loosened during static firing and caused a minor 
fuel leak.) 

The gimbal boots which utilize the aluminized fabric bonded to 
the boot are unsatisfactory for static test. It is recommended that 
the 101311462 flight type boots be installed on future stages. 

FUEL CONTAINERS 

It is recommended that fuel tanks F-3 and F-4 both be painted 
white for static firings to reduce localized thermal stresses in 
these tanks during exposure to exhaust plume radiation. 

CONTROL PRESSURE SYSTEM 

Post test inspection of the control sphere inner liner revealed 
that bubbles were present in the liner, Further analysis of the 
sphere should be conducted at Michoud. 



TELEMETRY SYSTEM 

Fuel leve l  d i s c r e t e  probe 1 ,  measurement L2O-F2, i s  considered 
t o  have marginal output  and should be repa i red  upon r e c e i p t  o f  the  
stage a t  Meichoud. 

A l O O K  i n p u t  r e s i s t o r  on t h e  submul t ip lexer  card,  P/N M2807A, 
was removed f o r  vacant channels. I t  i s  recommended t h a t  a lOOK 
r e s i s t o r  be i n s t a l l e d  i n  an associated measuring d i s t r i b u t o r  t o  
e l i m i n a t e  the open c i r c u i t  c o n d i t i o n  and i t s  inherent  excessive noise.  

I t  i s  recommended t h a t  the  Glenn i te  f l i g h t  t ransducers be d i s -  
cont inued f o r  use on t h r u s t  chamber dome v i b r a t i o n  measurements. 
These transducers have a na tura l  resonant frequency a t  about t h e  same 
frequency as the predominant chamber dome v i b r a t i o n  energy. The 
r e s u l t i n g  high v i b r a t i o n  amplitudes cause the  te lemetry  system t o  
i n d i c a t e  noise instead of data.  A proposed replacement f o r  t h e  
Glenn i te  transducer i s  Consol idated Electrodynamics Corporat ion 
t ransducer,  p a r t  number 4-280-0105. 

I t  i s  recommended t h a t  an i n v e s t i g a t i o n  be conducted t o  f i n d  
a more rugged type transducer f o r  l i q u i d  l e v e l  d i s c r e t e  probe 
measurements. S ix  o f  these transducers were d e f e c t i v e  a t  S t a t i c  
Tes t . 

An i n v e s t i g a t i o n  should be conducted t o  determine methods o f  
improvement o f  the qual i t y  o f  t h e  PCM/RF assembl ies,  P / N  50~12187-1, 
because of  the shor t  per iods o f  usefulness o f  these packages. 
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APPENDIX B 

REDLI NE AND BLUELI NE 
VALUES FOR STAGE S-18-2 

Values for parameters which were monitored t o  assure v e h i c l e  
s a f e t y  a r e  o u t l i n e d  below. 
f a c t o r y  engine compartment condi t ions p r i o r  t o  c l e a r i n g  t h e  stand. 
Parameters monitored a f t e r  t h e  s t a r t  of t h e  automatic countdown as 
w e l l  as mainstage values are l i s t e d .  

Prerun checks were made t o  v e r i f y  s a t i s -  

REDLl NE L1 M I  TS 

The f o l  lowing measurements w i  I 1  be monitored t o  assure v e h i c l e  
sa fe ty  dur ing  s t a t i c  t e s t  operations. i f  any r e d l i n e  to lerance i s  
exceeded, c u t o f f  w i  1 1  be i n i t i a t e d  by t h e  panel observer. The person 
i n i t i a t i n g  c u t o f f  s h a l l  then in form the  Test Conductor o f  the  reason 
for i n i t i a t i n g  c u t o f f .  

1. Prerun V e r i f i c a t i o n s  (Redline). The f o l l o w i n g  measure- 
ments w i  I 1  be monitored f ran LOX loading t o  i g n i t i o n  t o  ensure t h a t  a 
s a t i  s f a c t o r y  engine compartment envi ronment i s mai n t a i  ned through 
i gni t i on: 

Meas u r ement 
Number 

: ~ P T ~ O  1 

;kPTlOl 

;';PPI01 

Descri p t i  on 

Temperature, Turbopump Beari ng 
No. 1 

Maxi mum M i  n i  mum 

0' F 

Temperature, Oroni t e  156O F 105O F 

Temperature, Turbine Spi nner 75O F 40° F 
Surface 

Pressure, GG LOX I n j e c t o r  185 p s i g  165 p s i g  
Man i f ol d 



2. 

Measurement 
Number 

;*;PT i o 7  

;';PPI 14 

02-oc 

00-8 

13 

0 1 - ~ 3  

03 

f:PT 1 02 

i'cPPl 12 

Vrei gni t i  on Ver i  f i  c a t i  ons (Red1 i ne). 

Desc r ip t i on  Maxi mum 

Temperature LOX Pump I n l e t  
(Immediately P r i o r  t o  I g n i -  
t i o n )  

-275O F 

Pressure, LOX Pump I n l e t  

Pressure, LOX Tank U l l age  50 p s i g  

Temperature, Fuel Pump I n l e t  110' F 

Pressure, Fuel Pump I n l e t  

Pressure, Fuel Tank U l lage 20 p s i g  

Pressure, Combustion Chamber 720 ps i  g 

A f t e r  mai nstage equi 1 i b r i  um 
has been es tab l  i shed, any 
change i n  e i t h e r  Pc o r  GG 
Conisphere Temperature must 
be accompanied by a s i m i l a r  
change i n  t h e  o the r  parameter 
be fore  c u t o f f  i s  t o  be 
i n i  t i  ated. 

Temperature, GG Conisphere 

A f t e r  mainstage e q u i l i b r i u m  
has been es tab l i shed,  any 
change i n  e i t h e r  Pc o r  GG 
Coni sphere 'Temperature must 
be accompanied by a s i m i l a r  
change i n  the  o ther  parameter 
be fore  c u t o f f  i s  t o  be 
i n i  t i  ated. 

Pressure, Gearcase 

1 ,400' F 

10 p s i g  

M i  n i mum 

-300' F 

65 p s i g  

36 p s i g  

0' F 

25 p s i g  

14 p s i g  

Cu to f f  i s  t o  be i n i t i a t e d  
on ly  i f  the  corresponding 
pressure swi tch  i n d i c a t i o n  i s  
obtained. 
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. 
Measurement 

Number 

7': F P 1 0 1 - F3 

$:PPI ! 5 

;':PPI 13 

RP200 
RP20 1 

Descri pt i on Maxi mum M i  n i  mum 

Pressure, LOX Tank U l l age  56 p s i g  5 p s i g  

Pressure, Fuel Tank U l lage 25 p s i g  2 p s i g  

Pressure, Turbopump Bearing 
No. 1 Lube Je t  (wi t h i n  10 
seconds a f t e r  I gni t i  on 
Comnand) 

Pressure, LOX Pump I n l e t  

I f  the  recorder pegs down- 
sca le  a t  maximum ra te ,  c u t o f f  
s h a l l  no t  be i n i t i a t e d  unless 
t h e  corresponding prevalve 
c losed i n d i c a t i o n  i s  obtained. 
I f  the  pressure decays grad- 
u a l l y  below the  r e d l i n e  
va lue,  c u t o f f  sha l l  be 
i n i  t i  ated w i  thout  regard t o  
t h e  preval  ve posi t i  on 
i n d i c a t o r .  

Pressure, Fuel Pump I n l e t  

I f  the  recorder pegs down-- 
sca le  a t  maximum ra te ,  c u t o f f  
s h a l l  no t  be i n i t i a t e d  unless 
the  cor  respond i ng p reva 1 ve 
c losed i n d i c a t i o n  i s  obtained. 
I f  t h e  pressure decays grad- 
u a l l y  below t h e  r e d l i n e  va lue,  
c u t o f f  s h a l l  be i n i t i a t e d  
w i thout  regard t o  t h e  pre- 
va lve  p o s i t i o n  i nd i ca to r .  

Pressure, De f lec to r  Water 

75 p s i g  

! ,COO psrg 

20 p s i g  

5 p s i g  

65 p s i g  

Cu to f f  s h a l l  be i n i  t i  ated 
on ly  i f  t h e  corresponding 
pressure swi tch  i n d i c a t i o n  
i s  obtained. 



Meas u remen t 
Number 

$ccpv700 

;'cDT 1 00 
;tDT 1 0 1 
$ < D T ~ O O  
; ~ D T ~ O  1 
;~:DT 7 0 2 
;'cDT 7 0 3 

Descr ip t i on  

Rough Combustion Cutoff 

The RCC device w i  1 1  i n i t i a t e  
c u t o f f  a f t e r  100 m i l l i seconds  
o f  v i b r a t i o n  l e v e l  g rea ter  
than 100 g rms i n  the  
frequency range o f  960 t o  
6,000 cps. 

F i  r e  Detec t i  on Systen 

Maxi mum M i  n i  mum 

The f i r e  de tec t i on  system 
f o r  stage S - I B - 2  w i l l  con- 
s i s t  o f  12 S t a t i c  Test 
harnesses and 4 f l i g h t  har- 
nesses. Each r i s e  r a t e  
i n d i c a t o r  w i  1 1  be se t  a t  5 
cha r t  scales per  second 
(3.0 mv) w i t h  a t ime delay 
o f  one-hal f  second f o r  the  
f l i g h t  harnesses. A l l  16 
r i s e  r a t e  i ndi ca to rs  w i  1 1  
be a c t i v e  i n  the  c u t o f f  
c i  r cu i  t r y .  

For 'observer moni t o r i  ng, 
the r e d l i n e  va lue  i s  an i n -  
crease of f i v e  major cha r t  
d i v i  s i  ons per  second. 

General i n s t r u c t i o n s  for  f i  r e  de tec t i on  c h a r t  watchers a re  as 
fo l lows:  

1 .  I f  any one f i r e  d e t e c t i o n  harness pegs upscale - no ac t i on .  

2. I f  two o r  more f i r e  de tec t i on  harnesses peg upscale - 
i n i t i a t e  c u t o f f .  

3.  I f  s t a t i c  t e s t  LOX o r  f l i g h t  harness pegs downscale - 
no a c t i  on. 

4. I f  s t a t i c  t e s t  f u e l  harness pegs downscale - i n i t i a t e  
c u t o f f  i f  recorder does no t  r e t u r n  w i t h i n  5 seconds. 
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BLUELl NE L I  MI  TS 

The f o l l o w i n g  measurements w i  1 1  be monitored t o  assure v e h i c l e  
s a f e t y  dur ing  s t a t i c  t e s t  operat ions.  I f  any b l u e l i n e  to le rance i s  
exceeded the  Test Conductor sha l l  be no t  i f i ed: 

1 .  

Measurement 
Number 

+cHO 70 0 

+:FP~ 03- 1 1 

; xp i  02-9 

ST 1 00-9 

Pre i  gni t i  on Veri  f i c a t  i ons (B1 ue l  i ne) 

Descri p t  i on 

Temperature, Hydraul i c O i  1 

Pos i t i on ,  Hydraul ic  Reservoir  
P i  s ton 

Pressure, Gea rcase 

Temperature , Turbopump 
Bearing No. 1 

Pressure, H i g h  Pressure 
Spheres 

Pressure, Control  Spheres 

Temperature, GOX L i n e  

2. . Mainstage V e r i f i c a t i o n  (B lue l ine) .  

Measurement 
Number Descr ip t ion  

Maxi mum 

210' F 

68 percent 

7 ps i9  

3,200 p s i g  

3,200 p s i g  

Maxi mum 

;':H ~7 00 Temperature, Hydraul i c O i  1 275O F 

+:HO 70 0 Pos i t i  on, Hyd rau l  i c Rese rvo i  r 
P i  s ton  

+: ~ ~ 7 0 0  Temperature, Turbopump Bear 
No. 1 

Tempera t u re,  Tu r bopump Bear 
No. 8 

+:PTlO8 ng 600° F 

M i  ni mum 

40" F 

18 percent 

2 p s i g  

Oo F 

2,800 p s i g  

2,800 p s i g  

-650 F 

M i  ni  mum 

10 percent 

Oo F 
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APPENDIX C 

1. TEST NUMBERS: 

2. 

STAGE AND GROUND SUPPORT 
TEST DATA SHEET 

STAGE S-IB-2 

IGNITION COMMAND TIME AND DATE: 

Attempted Short Durat ion Test SA-27 
Successful Short Durat ion Test SA-28 
Successful Long Dura t ion  Test SA-29 

Test SA-27 
Test SA-28 
Test SA-29 

16:41:24,827 CST 
16: 36: 23.820 CST 
14:35:59.166 CST 

Ju ly  8, 1965 
Ju ly  9, 1965 
Ju ly  20, 1965 

3. TEST DURATION FROM IGNITION COMMAND (Seconds): 

INBOARD OUTBOARD 
ENG I NE CUTOFF ENG I NE CUTOFF 

Test SA-27 
Test SA-28 
Test SA-29 

3.002 
35.192 

143.285 

3.123 
35.302 

144.282 

4. ENGINE NUMBERS: 

Pos i t i on  1 P o s i t i o n  2 P o s i t i o n  3 P o s i t i o n  4 
H-705 1 H-7052 H-7050 H-7054 

Pos i t i on  5 Pos i t i on  6 P o s i t i o n  7 P o s i t i o n  8 
H - 4048 H-4049 H-4050 H-405 1 

5. TEST OBJECTIVES: 

Short Durat ion Tests SA-27 and SA-28. 

a. 
b. 

d. 
e. 
f .  
9. 
h. 

C. 

I .  

V e r i f i c a t i o n  of  airborne/ground c o n t r o l  systems c o m p a t i b i l i t y .  
Detefmine p rope l l an t  tank d r a i n i n g  rates.  
Check performance of  gimbal c o n t r o l  system. 
Ver i f y  re1 i a b i  1 i t y  and performance o f  te lemetry  equipment. 
V e r i f i c a t i o n  o f  engine performance. 
LOX b o i l o f f  r a t e  analys is .  

,Determination o f  b u l k  LOX dens i ty .  
Evaluat ion of LOX topping system. 
Inves t i ga t i on  o f  f u e l  tank r i p p l e s .  
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5.  TEST OBJECT I VES (Con t i nued) : 

Loncl Dura t ion  Test SA-29 

a. V e r i f i c a t i o n  o f  engine performance. 
b. Check performance o f  gimbal c o n t r o l  system. 
c .  Ve r i f y  re1 i a b i  1 i t y  and performance o f  te lemet ry  equipment, 
d. LOX b o i l o f f  r a t e  ana lys i s .  
e. Determination o f  b u l k  LOX dens i ty  center  LOX tank. 
f .  Inves t i ga t i on  o f  f u e l  tank r i p p l e s .  

6. TEST CONDITIONS: 

a. Short du ra t i on  t e s t  c u t o f f  w i l l  be  i n i t i a t e d  by the  F i r i n g  
Panel Operator. 

b .  Long du ra t i on  t e s t s  c u t o f f  w i l l  be i n i t i a t e d  by uncovering 
o f  the f i r s t  p r o p e l l a n t  low leve l  sensor and w i l l  be c o n t r o l l e d  
by the Switch Se lec tor  i n  the  f o l l o w i n g  sequence a t  c u t o f f :  

0 Sec. - Level sensor ac tua t i on  
+0.5 Sec, - Inboard engine c u t o f f  
+ 1 . 0  Sec. - A r m  f u e l  d e p l e t i o n  probes and t h r u s t  O.K. pressure 

swi tches. 
+ 1 . 5  Sec. - Outboard engine c u t o f f .  A manual backup c u t o f f  

w i l l  be i n i t i a t e d  a t  141 sec. a f t e r  commit. 

c .  Center LOX tank o r i f i c e  diameter - 19.00 inches. 
d. Prope l lan ts  ( a t  X-180 Seconds) 

LOX 655 inches (LOX Tank 0-C) 1 . 7 %  u l l a g e  
Fuel 634.5 inches 2.0% u l l a g e  

e. Engines t o  be gimbaled as o u t l i n e d  i n  the  gimbal program. 
Short du ra t i on  t e s t ,  see TABLE 3-1.  Long du ra t i on  t e s t ,  
see TABLE 3-2. 

a t  c u t o f f .  

o f  LOX bubb 1 i ng. 

f .  Fuel emergency p ressu r i z ing  armed a t  power t r a n s f e r  and disarmed 

g. The LOX vents w i l l  be  c losed 10 seconds p r i o r  t o  i n i t i a t i o n  

7 .  COMMENTS: 

a. Fleming i n i t i a t o r s  w i l l  be used fo r  t h i s  t e s t .  
b. The ground LOX p ressu r i z ing  o r i f i c e  diameter i s  0.099 inches. 
c .  LOX bubb l ing  r a t e  w i l l  be  45 scfm. 
d. A t  X+70 t h e  stage f u e l  p r e s s u r i z a t i o n  w i l l  be  terminated and 

f a c i l i t y  f u e l  p r e s s u r i z a t i o n  i n i t i a t e d  ( t e s t  SA-29 on ly ) .  
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7. COMMENTS (Continued): 

e. The a l l -engines-running s igna l  w i l l  be simulated a t  X - 1  
seconds t o  assure t h a t  t h r u s t  commit w i l l  be reached a t  X=O 
seconds. Thereafter, the normal TOP swi tch requirements w i l l  
govern c u t o f f  ( t e s t s  SA-28 and SA-29) . 
use of  ground equipment to  s l inu la te t h e  f l i g h t  systm as 
intended for f u t u r e  S-IB stages. Th is  w i l l  r equ i re  a l l  th ree  
TOP switches t o  actuate t o  achieve ltorrrnitf' and drop ou t  o f  
t w o  switches therea f te r  t o  prov ide  f t u t o f f I I  ( t e s t  SA-29 only). 

f. The f u n c t i o n  of t he  engine con t ro l s  have been mod i f ied  through 

8. STAGE PRESSURE WITCHES: 

Descr ip t ion  

a. LOX Tank Pressurized 
b. LOX Tank Emergency Vent 
c. Fuel Tank Pressurized 
d. Fuel Tank Emergency Vent 
e. Fuel Spheres Pressurized 
f .  Control Sphere Pressurized 
9. Control 750 OK 
h. Thrust OK 

9. STAGE RELIEF VALVES: 

Desc r i p t ion  

Act ua t i on D eac t ua t i on 

60.0 + 1.5 ps ia  
67.5 + 1.5 ps ia  
32.4 F s i a  max 
38.4 p s i a  max 
2965 + 30 ps ia  
2965 30 ps ia  
625 +-25 p s i g  
800 T 43 ps ia  

- 

- 

Cracking 

55.5 ps ia  min 
63.0 ps ia  min 
29.6 p s i a  min 
35.6 ps ia  min 
2835 p s i a  min 
2835 p s i a  min 
550 p s i g  rnin 
690 p s i a  min 

Res eat  

a. Fuel Vent Valves No. l & 2  21.0 + 0.5 p s i g  19.0 p s i g  min 
b.  LOX Re l i e f  Valves No. l&2 60.0 - T 5 p s i g  53.0 p s i g  rnin 

10. STAGE O R I F I C E S :  

Descr i p t  ion Number 

a. Fuel Tank Pressur iz ing  1 
b. Fuel Bubbling 8 
c. LOX Bubbling 8 
d. 105-inch LOX Tank Sump 1 

Diameter (Inches) 

0.210 (sonic) 
0.018 
0.102 
19.00 

11. GSE PRESSURE SETTING: 

Desc r ip t i on  Se t t i ng  (psig) 

a. Fuel Bubbl i ng  (GN2) Pressure Switch 
b. Fuel Bubbling Regulator Output 
c. LOX Bubbl i ng  (He1 ium) Pressure Switch 

110 + 15 

315 2 15 

- 
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1 1 a GSE PRESSURE SETTING (Continued) : 

d. 
e. 
f .  
9. 
h. 
i. 

k. 
1 .  
m. 
n. 

P. 
9. 

j .  

0. 

Descr i p t  i o n  

LOX Bubbl ing Regulator Output 
LOX Dome Purge Pressure Switch 
LOX Dome Purge Regulator Output 
GG LOX I n j e c t o r  Purge Pressure Switch 
GG LOX Purge Regulator Output 
Fuel I n j e c t o r  Purge Pressure Switch 
Fuel I n j e c t o r  Purge Regulator Output 
Turbine Spinner Pressure Switch 
Gearcase Pressure Switch 
F a c i l i t y  Helium Pressure Switch 
F a c i l i t y  GN2 Pressure Switch 
LOX Dome Purge Bypass Regulator Output 
A u x i l i a r y  LOX Dome Purge Regulator Output 
Emergency Fuel P ressu r i z ing  Switch 

12. GSE ORIFICES:  

Descr i p t  i o n  Number 

a. Ground LOX Pressu r i z ing  (Helium) 1 
b. Fuel Sphere Supply (Helium) 1 
c .  Control Spheres Supply 1 
d, Fuel Jacket F i l l  L i n e  1 
e. Ground LOX O r i f i c e  Bypass 1 
f .  F a c i l i t y  LOX Pressu r i z ing  (GN2) 1 

13. PROPELLANT LOW LEVEL SENSORS: 

Desc r ip t i on  LOX - 

S e t t i n g  (p s l g )  

270 + 15 
300 - 
375 5 15 
490 

40 - + IO 
12 

3000 + 50 
3000 - 50 
2 50 
650 

5 

Diameter ( inches) 

0.099 
0.100 
0.063 
0.189 
0.370 
0.537 

Fuel - 
a. Height Above Probe Flange 23.23 i n .  26.63 i n .  
b. Height Above Theore t ica l  Tank Bottom 25.23 i n .  32.13 i n .  
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APPEND1 X D 

METEOROLOGI CAL DATA 

TESTS SA-28 AND SA-29 



METEOROLOGI CAL DATA 
TEST SA-28 

LOCATI ON BLOCKHOUSE TOP STAT1 C TESTL TOWER 
TEMP. BAROM. PRESS. REL. HUMIDITY WIND WEL. WIND D I R .  

, T I M E  OF DAY (OF) ( I N .  HG.) (PERCENT) (MPH) (DEGREES) 

1O:OO a . m .  84 29.33 71 6 280 

10:30 a . m .  85 29.34 70 9 280 

1 1 : O O  a . m .  86 29.35 68 8 305 

2:OO p . m .  

2:3o p.ll1. 

3:OO p . m .  

3:30 p.m. 

4:OO p.m. 

4:30 p . m .  

5:OO p.m. 

129 

90 29.27 62 10 255 

go 29.27 63 6 255 

90 29.27 64 5 280 

89 29.27 66 4 255 

88 29.27 70 3 265 

87 29.26 76 2 240 

86 29.26 84 5 230 



METEOROLOGI CAL DATA 
TEST SA-29 

2:30 p.m. 

3 : O O  p.m. 

90 29.340 46 6 110 

90 29.340 45 5 100 
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APPENDIX E 

OPERATING TIME/CYCLE HISTORY 
OF STAGE S- IB-  2 COMPONENTS 

WHILE AT STATIC TEST 



APPENDIX E 

OPERATI NG T I  ME/CYCLE H I  STORY 
OF STAGE S- I  8-2 COMPONENTS AT STATIC TEST 

COMPONENT 

Auxi 1 i a r y  Hydraul i c  Pump 1 

Auxi 1 i a r y  Hydraul i c  Pump 2 

Auxi 1 i a r y  Hydrau l i c  Pump 3 

Auxi 1 i a ry  Hydraul i c  Pump 4 

Fuel Prevalve, Engine 1 

Fue 

Fue 

Fue 

Prevalve, Engine 2 

Prevalve, Engine 3 

Prevalve, Engine 4 

Fuel Prevalve, Engine 5 

Fuel Prevalve, Engine 6 

Fuel Prevalve, Engine 7 

Fuel Prevalve, Engine 8 

LOX Prevalve, Engine 1 

LOX Prevalve, Engine 2 

LOX Prevalve, Engine 3 

LOX Prevalve, Engine 4 

LOX Prevalve, Engine 5 

LOX Prevalve, Engine 6 

LOX Prevalve, Engine 7 

LOX Prevalve, Engine 8 

OPE1 
CYCLES 

37 

27 

45 

30 

159 

157 

158 

158 

154 

154 

156 

135 

161 

158 

159 

159 

155 

155 

162 

156 

T I  ON 
M I  NUTES 

84.3 

75.1 

75.6 

65.8 
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APPEND1 X E (CONTI NUED) 

COM PON ENT 

Fue l  P r e s s u r i z i n g  V a l v e  1 

Fue l  P r e s s u r i z i n g  V a l v e  2 

Fue l  Vent V a l v e  1 

Fuel  Vent V a l v e  2 

Fue l  F i l l  and D r a i n  V a l v e  1 

Fue l  O v e r f  i 1 1  Sensor  

LOX Re1 i e f  1 and 7-1 nch  Vent  

LOX R e l i e f  2 

LOX Emergency P r e s s u r  i z i  ng  S w i  t c h  

LOX F i  1 1  and D r a i n  V a l v e  3 

LOX O v e r f i  1 1  Sensor  

C o n t r o l  Sphere  Vent  V a l v e  

S w i  t c h  S e l e c t o r  

RF Assembly F1 

RF Assembly F2 

RF Assembly S 1  

RF Assembly P1 

V i b r a t i o n  M u l t i p l e x e r  S 1  

TM M u l t i p l e x e r  P1 

PCM/DDAS Assembl y P1 

M a s t e r  M e a s u r i n g  Power S u p p l y  

M e a s u r i n g  S e l e c t o r  Power 

134 

OPER 
CYCLES 

285 

2 44 

21 5 

220 

89 

23 

2 48 

252 

9 

56 

13 

17 

278 

133 

170 

114 

174 

114 

51 

51 

40 

51 

I ON 
M I  NUTES 

- 

3,285.1 

1 , 8 8 0 . 8  

2,497.8 

2 ,370.2  

- 
3 ,527.2  

3 ,527.2  

3 , 6 5 2 . 8  

3,518.6 



APPEND I X E (CONTI NUED) 

COM PON ENT 

22.5-Volt Measuring Power Supply 

Tape Recorder On (Manual) 

ver 1 

ver 2 

Command Destruct Rece 

Command Destruct Rece 

OPEF 
CYCLES 

47 

26 

- 
- 

TI ON 
MI NUTES 

4,496.0 

123.8 

2,500.7 

2,500.7 
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APPEND1 X F 

UNSATISFACTORY CONDITION REPORTS 
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UC R 
NUMBER 

0 I700 

01701 

01702 

31703 

01704 

01705 

PART NAME 
PART NUMBER 
SERIAL NWBER 

Bo1 t 
M551096-65 
N/A 

Sub M u l t i p l e x e r  
Assembly 
5OMl2088-5 
002 

RF Assembly F2 
5OC12196-9 
003 

PCM/RF Assemb:, P! 

003 
5OC12187-1 

Measuring Rack 
Assembly 
5DCOI 184-A 
SA-0294 

DC A m p l i f i e r  

0263 
5OC1038815 

UNSATISFACTORY CONDITION REPORT 

OESCRIPT ION 

Dur ing the b u i l d  up of  5-18-2 gauge assemblies 
(P/N 6OC20759-1) i t  was discovered t h a t  the 
spec i f i ed  b o l t s ,  P/N M551096-65, were not  sa t -  
; s fac to r )  f o r  :he $,;Id .p and ; n s t a l : a t l o n  
o f  these assembl ies.  The b o l t s  are used f o r  
clamping transducers to  mounting b locks,  and 
clamping the mounting b locks t o  the a c t a t o r  
mounts of t he  engines. The b o l t s  'bot tom o u t "  
aga ins t  each other  ins ide the mounting b locks 
be fo re  the t ransducers are t i gh tened  t o  the  
mounting blocks, o r  the mounting b locks a re  
t ightened t o  the actuator  mounts. rne same s i t -  
u a t i o n  e x i s t s  f o r  gauge mount assemblies, 
P/N 60c20761- 1 and 60C20762- 1 . 
Dur ing . i n i t i a l  t e s t  p r i o r  t o  t e s t  SA-27, i t  was 
observed a t  a DDAS ground s t a t i o n  t h a t  b i t s  
5, 7, and 9 on  frames 3 and 7 i n  the output  
of the remote d i g i t a l  submuIt ip lexer(P/N 
5OMl2088-5, S/N 002)was ve ry  e r r a t i c .  Dur ing 
t roubleshoot ins t e s t s  i t  was found tha t .  when 

REMARKS 

The b o l t s  spec i f i ed ,  P/N 
M551096-65, are too long t o  
be used s a t i s f a c t o r i l y .  
A shorter S C ! ~ ,  P/H H55!096-54, 
w i l l  be used per procedure, 
Drawing No. 60C06028. I t  i s  
recnrmended t h a t  the a f fec ted  
drawings be revised, and t h a t  
g rea te r  care be taken in  the 
design and m o d i f i c a t i o n  of 
these assemblies. 

The cause i s  no t  kncun s ince  
the i n t e r n a l  c i r c u i t s  o f  t he  
RDSM was not tested.  It i s  
be l i eved  t h a t  an e l e c t r i c a l  
ground i s  f a u l t y  i ns ide  the 
u n i t .  I t  i s  r e c m n d e d  t h a t  

"ABC and D syn;" cMRIy)n f rom the PCM/DDAS assembly an i n v e s t i g a t i o n  be conducted 
t o  the RDSH was grounded t o  m i s s i l e  sk in ,  the u n i t  t o  determine the cause o f  the 
operated i n  a s a t i s f a c t o r y  manner. mal funct ion,  and the r e s u l t s  be 

compiled i n t o  a h i s t o r i c a l  re-  
cord of t h i s  type mal funct ion.  

P r i o r  t o  t e s t  SA-27, frequency t e s t s  were per- It i s  recomnended t h a t  the 
formed on all major telemetry packages. F2 RF assembly be subjected t o  
t h i s  t ime i t  was found t h a t  F2 RF te lemetry  a bench t e s t  where i t s  f r e -  
package was generat ing 244.348 mc. quency can be adjusted t o  the 
quency should have been 244.3 mc + .Dl%. The c o r r e c t  value and then re-  
maximum al lowable frequency i s  244.3 + .024 = turned t o  l o g i s t i c  spares. 
244.324 mc. Therefore, t he  f requency generated i s  
about 24 kc h ighe r  than a l l owab le  s p e c i f i c a t i o n s .  
The package appeared t o  operate i n  a s a t i s f a c t o r y  
manner, except f o r  i t s  h i g h  frequency. To ta l  run  
time a t  STTE i s  1141.5 m i n .  

A t  

The f r e -  

3. .  .: ,,., 1^ : I . . . L s Y I  ,,: . : _. 1 ckeckc;: ~f : e ! e s : r y  r:.r:em on ?w ~ a c L . a ~ s  o f  t h i s  type were 

5-18-2 a t  STTE. i t  was focnd that  a f t e r  5 o r  IO found ti. be f a u ! t y  :;ring 
minutes warm up time, t i le PCWRF PI u n i t  would no t  s t a t i c  t e s t  operat ions on 5-16-1. 
modulate its input  wavetrain p roper l y .  There was The t h i r d  package operated i n  a 
e r r a t i c  .nodulat ion o f  the inpat  b i t s  o f  informa- s a t i s f a c t o r y  manner (see UCR 
t i o n .  The t o t a l  run t ime  on t h i s  package a t s t a t l c  numbers 01112 and 01115 of 
t e s t  i s  236.0 minutes. S- IB- I ) .  Because of the ex- 

tremely h igh  f a i l u r e  r a t e  o f  
these packages, i t  i s  recomnended 
t h a t  imnediate i n v e s t i g a t i o n  
and re-design be s t a r t e d  and the 
necessary mod i f i ca t i ons  be in-  
s t a l l e d  on all Chrys ler  b u i l t  
Saturn I B  veh ic le .  

P r i o r  t o  t e s t  SA-27, i t  was discovered by Michoud The cause was due t o  f a u l t y  
checkout personnel that  w i r i n g  i ns ide  t h i s  workmans h i p dur i ng manufacture . 
Measuring Rack was f a u l t y .  (Reference i s  made t o  The f a u l t y  w i r i n g  should be 
0" M07gggn - Michoud). 
was normal, i t  was considered unre l  i ab le  f o r  manufactur ing and q u a l i t y  manu- 
s t a t i c  f i r i n g  by Michoud personnel .  The f a u l t y  f a c t u r i n g  personnel .  
rack S/N SA0294 was replaced by  rack S/N C0030. 
A l l  modules were removed from the f a u l t y  rack 
and i n s t a l l e d  i n  the new rack. 

Even though i t s  ope ra t i on  drawn t o  the a t t e n t i o n  o f  

Whi le measurement 01-6, pressure,  c d u s t i o n  
chamber, was being c a l i b r a t e d  du r ing  p r e - s t a t i c  
checkout o f  5-16-2 a t  STTE; i t  was found t h a t  
the associated DC amp1 i f i e r  S/N 0263 exper ienced 
a d r i f t  i n  i t s  output vo l tage.  The Hi-Cal value 
should be 4.382 vo l t s .  
set  t o  t h i s  value, i t  was observed t o  d r i f t  
away from t h i s  se t t i ng .  The run value also 
d r i f t e d  when the H i - t a l  va lue d r i f t e d .  

When the a m p l i f i e r  was 
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The f a u l t y  amp1 i f  i e r  S/N 0263 
was replaced by amp1 i f i e r  S/N 
0153 i n  a replacement k i t .  In- 
c luded i n  the replacement k i t  
(60C00192 S I N  LSO219) was pres- 
sure gage, 5OC12012, o l d  S/N 
30707 w i t h  replacement S/N 30702. 
I t  i s  r e c m n d e d  t h a t  the 
cause o f  the ma l func t i on  be in-  
vest igated and the r e s u l t s  com- 
p i l e d  i n t o  a h i s t o r i c a l  record 
o f  t h i s  type component. 



PART NAME 
UC R PART NUMBER 
NUMBER SERIAL NUMBER 

01706 Radiat ion Sh ie ld  

- 

I n s t a l l a t i o n  
I O C 1 1 4 4 1 - 1  
N/A 

01707 Flame Cur ta in  
Outboard Engine 

N/A 
I oc I 1462 

UNSATISFACTORY CONDITION REPORT (CONTINUED) 

OESCR I PT I ON 

D i f f i c u l t y  was encountered d u r i n g  i n s t a l l a t i o n  
of  the r a d i a t i o n  s h i e l d  per  drawing 1 O C 1 1 4 4 1 - I .  
Two b o l t s  cou ld  not  be i n s t a l l e d  between f i n  
p o s i t i o n s  I1 and I l l  because the holes i n  the 
r a d i a t i o n  sh ie ld ,  P/N 30CO3934-1,would no t  
a l i g n  p r o p e r l y  w i t h  the holes i n  the  stage sk in ,  
p/N 30C03810. A bo1 t could n o t  be i n s t a l  led  
a t  f i n  p o s i t i o n  I V  because the  ho le  d r i l l e d  
through panel assembly, P/N 30C03860, was too 
c l o s e  t o  t a i l  u n i t  member, P/N 30C03802 t o  get  
a nu t  on the b o l t .  

When per forming engine h y d r a u l i c  system c l e a r -  
ance and func t i ona l  checks, damage was i n -  
cu r red  by  each outboard engine f lame c u r t a i n .  
The ex ten t  o f  t h i s  damage i s  as f o l l o w s :  
A. Damage t o  Snap Fasteners (Reference drawing 

30C03566, Sheet 5 ) .  

No. Fast .  No. Fast .  No. Fast .  
Eng. Bkn. Came Loose OK 

1 9 IO 5 
2 . o  7 17 
3 2 .  17 5 
4 0 14 IO 

REMARKS 

Rad ia t i on  s h i e l d  i n s t a l l a t i o n ,  
drawing No. I O C 1 1 4 4 1 - I ,  was 
n o t  adhered t o  when these holes 
were d r i l l e d  a t  Michoud. Due 
t o  s i m i l a r  problems encountered 
d u r i n g  r a d i a t i o n  s h i e l d  i n -  
s t a l l a t i o n  on prev ious stages, 
i t  i s  recommended t h a t  t he  
r a d i a t i o n  s h i e l d ,  P/N 3OCO3934-1, 
be i n s t a l l e d  a t  Michoud and l e f t  
i n s t a l l e d  when shipped t o  S t a t i c  
Test .  

The present  f lame c u r t a i n s  con- 
s i s t  o f  30~03566-5 i n s u l a t i o n  
ma te r ia l  hav ing one l a y e r  o f  
92-5 alumized f a b r i c  bonded t o  
i t .  Previous f lame c u r t a i n s  
cons is ted  o f  3OCO3566-5 in -  
s u l a t i o n  ma te r ia l  l o o s e l y  cover- 
ed (No bonding) by a l a y e r  o f  
r e f r a s i l  ma te r ia l  and a l aye r  
o f  r e f l e c t i v e  tape. The bonding 
on the present  f lame c u r t a i n  
increases the r i g i d i t y  o f  the 
c u r t a i n ,  thus r e s u l t i n g  i n  a 
g rea te r  s t r a i n  be ing exe r ted  on 
the snap fasteners d u r i n g  gim- 
b a l i n a .  Since D o s i t i v e  t w e  E .  The bonding between the  3OCO3566-5 i n s u l a t i o n  

(Red Boot) and the 92-5 Alumin ized f a b r i c  came h inqe- fasteners '  are l oca ted  on 
. ~ I  

loose i n  severa l  places on each outboard 
engine f lame c u r t a i n .  

01708 LOX Prevalve The LOX prevalve on engine 7 f a i l e d  t o  g i v e  a 
60~20339 c losed i n d i c a t i o n  when i t  was cyc led  a t  cryo-  
107 genic  temperatures. The c losed i n d i c a t i o n  was 

received approx imate ly  85 seconds a f t e r  ac tu -  
a t i o n .  

01709 Relay Dur ing performance o f  procedure 6 -CH SlB-610A 
52GH6-31 (Simulated FI i g h t  T e s t ) ,  t he  s imulated engine 
N/A opera t i on  was terminated by the  ESE a t  X-0 

('.Time f o r  Comnit"). 
minated due t o  the f a i l u r e  o f  the ESE t o  
rece ive  a s igna l  from the stage i n d i c a t i n g  
t h a t  engine 3 had reached a proper  ope ra t i ng  
t h r u s t  l e v e l .  

The opera t i on  was t e r -  
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the ins ide  o f  the connect ion 
where snap fas tene rs  a r e  employ- 
ed, no danger o f  t he  connect ion 
separa t i ng  d u r i n g  a f i r i n g  e x i s t s  
Therefore,  the snap fas tene rs  
w i l l  be fastened where poss ib le  
and the connections covered 
w i t h  r e f l e c t i v e  tape p r i o r  t o  
s t a t i c  f i r i n g ,  I t  i s  requested 
t h a t  the re fu rb i shed  type 
f lame c u r t a i n s  be redesigned 
and tes ted  w h i l e  gimbal ing  
p r i o r  t o  i n s t a l l i n g  them on 
another  stage f o r  s t a t i c  f i r i n g .  

Probable cause i s  e i t h e r  t h a t  
t he  a c t u a t o r  p i s t o n  f r o z e  o r  
t he  switches f a i l e d  t o  ac tua te  
a t  cryogenic  temperatures. 
Reference UCR number 01116 and 
01122. I t  i s  recommended t h a t  
a f a i l u r e  ana lys i s  be conducted 
on the p reva lve .  

The opera t i on  o f  r e l a y s  K 3 3 - I ,  
K33-2, K33-3 were checked us ing  
the EDS Thrust  Mon i to r  Panel 
and t h r u  performance o f  a 
Sequence Test .  A second at tempt  
a t  the s imulated f l i g h t  t e s t  
was completed s u c c e s s f u l l y .  
Since we were unable t o  repeat 
the  ma l func t i on  and the re lays  
a r e  c r i t i c a l  t o  a successfu l  
s t a t i c  f i r i n g  o r  launch the 
re lays  9 A I K 3 3 - 1  and 9 A l K 3 3 - 3  
w i l l  be rep laced p r i o r  t o  sho r t  
d u r a t i o n  s t a t i c  f i r i n g .  



UNSATISFACTORY CON0 IT ION REPORT (CONT I NUEO) 

UCR 
N W E R  

01710 

01711 

01712 

01713 

01714 

PART W E  
PART NUMBER 
SERIAL NUIBER 

Gauge Mount 
Assernb 1 y 
60C20?65-1 
N/A 

RF Assernbly SI 
5ocl21%-5 
003 

Low L iqu id Level 
Probe 
2K30429- I 
N/A 

Tsbe Asse.&! y 
1or(11361-I 
N/A 

S l i d ing  Pins 
30R00427 
N/A 

OESCRIPTIO!J REMRKS 

During the i ns ta l l a t i on  o f  engine s t a t i c  t es t  
instrumentation on 5-18-2, d i f f i c u l t y  was en- 
countered i n  instal I ing gauge mount assembly, 
P/N 6OC20765-I, associated w i th  measurement *PPI02 The fuel dra in  manifold and 

The locat ion o f  measurement 
*PPI02 d i d  not change when the 
engines e r e  uprated t o  200K. 

%a!! i ! e a r a i i i c ~  ber*en ::e ?de: G ie ln  iian;fo:G 
P/N 555238 and associated d ra in  I ines and the 
turnbuckle assembly, P/N 205930, makes i t  extrem- 
l y  d i f f i c u l t  t o  i n s t a l l  the gauge m u n t  assednly. 
It i s  also d i f f i c u l t  t o  maintain adequate c lear-  
ance between the solenoid valve of t h i s  measure- 
ment and the heat exchanger LOX supply 1 ire. 

Upon a r r i va l  of 5-IB-2 a t  the S l T E  a t  RSFC i t  uas 
found that the single side band W assernbly was 
not pressurized as i t  should have been. The u n i t  
was given a bench test, checked f o r  leaks, and 
pressurized: 
was re insta l  led abmrd 5-18-2. 

The u n i t  appeared sat is factory  and 

During LOX transfer (Procedure 6-CH SIB-235) a 
leak check was performed w i th  200 inches o f  LOX 
i n  the tanks and wi th  the tanks pressurized t o  
20 psig. This  leak check revealed a leak be- 
t e e n  the LOX Low Level cu to f f  sensor and the 
bottom o f  the LOX tank 0-4. 

During the control system leak check Procedure 
6-CH Sl8-2O5 a ieak was detected from d 8- 
nut On  tne tube d > > a b a y  :DHi136:-1 T ~ E  i ys tm,  
was vented and B-nut torqued. Pressu-re was re- 
appl ied and the 8-nut s t i l l  leaked. An aluminum 
crush washer wa5 added and B-nut retorqued 
Pressure was again appl ied and no leak was 
detected. 

Post propellant loading tes t  inspection re- 
vealed that f i ve  fue l  tank s l i d i n g  p ins had 
gal led and scratched surfaces. 
pins, t h e i r  locations, and :he damage in- 
curred by each i s  given as: 

1. Fuel Tank # I  Toward Tank 0-2 2 Scratches 
2. Fuel Tank #2 Toward Tank 0-2 1 Scratch 
3. Fuel Tank #3 Toward Tank 0-3 1 Scratch 
4. F u e l  Tank #3 Toward Tank 0-4 2 Scratches 
5. Fuel Tank #4 Toward l ank  0-1 Nick and 2 

The discrepant 

. 

Polished 
Areas 

6. Fuel Tank #4 Toward Tank 0-4 3 Scratches 

Upon receipt o f  the stage i t  was noted that  
several of the s l i d ing  pins had the grease 
gn them displaced between 1/16 inch and l /k  
inch and tha t  the grease was contaminated. 
The pins were cleaned and regreased Pr io r  t o  
LOX loading. 
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a s 5 x i a i s d  plGrhing on :he ZOOK 
engine i s  s l i g h t l y  d i f ferent  
f r a  the l 88K engine configura- 
t ion. and s u f f i c i e n t  clearance 
does not  e x i s t  f o r  mounting the 
measurement in t h i s  locat ion 
using gauge m u n t  asstrably. 
P/N bOC20765-I, on the 2OOK 
enqine. S i x e  the ef fect ive 
drawings show t h i s  measurement 
i n  the same locat ion on sub- 
sequent stages, i t  i s  reccnmmd- 
ed that the gauge mount assem- 
b l y  be relocated t o  the top tur -  
bopump support bracket f o r  ease 
of i ns ta l l a t i on .  (P/N 402522) 

It i s  recomnended that t h i s  
package be rechecked f o r  
pressure during post s t a t i c  
t es t  operations. If the 
package i s  found t o  again have 
los t  pressure, the package 
should be removed. and the 
leak repaired. 

This leak was apparently due 
to  the torque values on the 
fasteners being below the 
specif ied value of 55 2 IO 
in-lbs. A f te r  LOX uas detanked 
the torque set t ings Vert found 
t o  be below 35 in - lb .  The 
torque on the LOX low leve l  
cu to f f  sensor b o l t s  under LOX 
tank 0-2 was a lso  found to  be 
below 35 in-Lb. Reference 
squawk VOO208-29. 

A bad f l a r e  on the tube assem- 
b : y  "as che probab!e cause. 
It 1s recamended that  the 
rube assembly be replaced a t  
Post S ta t i c  Checkout i n  
Richoud. 

The cause of t h i s  condit ion 
was contamination i n  the grease 
on the s l i d i n g  pins. The 
g a l l i n g  was bel ieved t o  have 
s tar ted during stage trans- 
por ta t ion and continued 
damaging the p ins during the 
propellant loading test. LOX 
tanks contract approximately 
2.3 inches during LOX loading. 

The p ins w i l l  be cleaned, 
inspected, and regreased p r i o r  
t o  each LOX loading. The 
attached photographs shcu that  
the grease on several o f  the 
s l i d i n g  pins moved approximately 
1/16 t o  1/4 of an inch during 
stage transportat ion. The 
grease on the s l i d i n g  pins on 
fuel tank 2 was displaced an 
unequal amwnt re la t i ve  t o  
each other. Thi 5 represents 
a greater amount of nwvment 
on one s ide of the tank. 
Ripples were noted on fuel tank 
2 p r i o r  t o  erect ion of the 
stage. The unequal expansion 
of the tank on the s l i d i n g  
pins i s  a probable cause f o r  
these r ipples. 



UNSATISFACTORY CONDITION REWRT (CONTINUED) 

PART NAME 
UC R PART NUMBER 
NUMBER SERIAL NUMBER DESCRI PTI ON -- 
01715 Valve Assembly 

554838 6-CH 518-312, w i t h  725 ps ig  appl ied t o  the 
6356996 i n l e t  and control  por ts  of the  i g n i t i o n  monitor 

During the I M V  leak check por t ion  of procedure 

valve assembly, leakage was noted around the  
at taching screws f o r  the diaphragm assembly. 
N o  leakage i s  allowed. 

01716 DC Ampl i f ier  P r i o r  t o  t e s t  $4-27, the v i b r a t i o n  th rus t  
50~10382-2 chamber dome (E33) measurements were 
c222 cal ibrated. A t  t h i s  t ime i t  was found tha t  

the ampl i f ie r  o f  E33-3 would not generate a 
H i  ta l  voltage. When placed i n  the  H i  Cal 
mode, 0.700 v o l t  , RMS, should have been 
produced; instead, approximately zero v o l t s  
was noted. 

01717 PCM/RF Assembly During i n i t i a l  tes ts  a t  STTE on 5-18-2, i t  
50Ml2187- I was found tha t  PI RF Assembly S/N 003 f a i l e d  
002 t o  modulate the RF signal proper ly (reference 

UCR 01703). Spare P I  RF Assembly S/N 002 
was i n s t a l l e d  t o  replace the  f a u l t y  RF 
assembly. I n i t i a l  operating tests revealed 
tha t  t h i s  package a lso  f a i l e d  t o  modulate 
the  RF signal  properly. Subsequent tests 
revealed tha t  the  package operates proper ly 
when f i r s t  energized; but a f t e r  about 5 t o  
IO minutes warm up time, the package begins 
t o  malfunction, and does no t  modulate i t s  RF 
s ignal  properly. Run time accumulated a t  
STTE i s  139.8 minutes. 

Because no spare RF assembly i s  present ly 
avai lable,  the f a u l t y  P I  RF Assembly was 
not rep I aced. 

01718 Relay 
S2GH-6-31 
N/A 

See UCR 01709 f o r  descr ip t ion  of  condi t ion.  
The relay i s  i n  the  same c i r c u i t  as the one 
covered i n  UCR 01709 and was changed a t  t h e  
same time because i t  was not possible t o  
d is t ingu ish  which one, o r  whether both, 
mal f unct i oned. 

01719 DC Ampl i f ie r  P r i o r  t o  t e s t  SA-27, a l l  f l i g h t  (ac t i ve  and 
5OC10388-59 simulated) measurements were cal ibrated. A t  
0344 t h i s  time i t  was found that the output of 

measurement 5554-22, s t r a i n ,  f i n  7, skin,  
produced a continuous negative output i n  
both the H i  and Run modes. The readings 
should have been 4.66 v o l t s  i n  H i  and 2.75 
v o l t s  i n  the Run mode. This i s  a simulated 
f I i ght measurement. 

01720 DC Ampl i f ier  During i n i t i a l  checkout wh i le  performing 
5OC10394-41 
1601 would not maintain the same value fran one 

procedure 3-CH 516-502, measurement C183-II 

measurement scan t o  the next. I t  was noted 
tha t  the High Cal value would d r i f t  as much 
as 400 mv i n  5 o r  IO minutes. 
of subject ampl i f ie r  corrected t h i s  
discrepancy. 

Replacement 

REMARKS 

1 .  Foreign matter between the  
diaphragm and the body 
assembly. 

2. Over pressure on the  i n l e t  
por t  causing s t re tch ing  
o f  the diaphragm. 

Ei ther o f  these could cause 
indentations i n  the O-ring, 
a l lowing control  pressure t o  
leak by the  O-ring and past 
the at taching screw threads. 

I t  i s  recommended that a 
f a i l u r e  analysis be performed 
by the vendor, t o  determine 
t h e  exact cause fo r  the  leakage. 

I t  i s  recommended that an 
inves t iga t ion  be undertaken 
t o  determine the  cause o f  the 
malfunction. Thi s mal f unct i  on 
should be canpiled i n t o  a 
h i s t o r i c a l  record of t h i s  
type malfunction. The 
ampl i f ie r  S/N C222 was re- 
placed by spare ampl i f ie r  
Cl52. Also i n s t a l l e d  as 
par t  of  the  replacement k i t  
(P/N 60C00252, S /N  LS0333) 
was accelercmeter P/N 5OC10105, 
S/N 253, Reference Designator 
3A453. 

Two f a u l t y  P I  RF Assemblies 
were found on S-16-1 (UCR 
N o s .  01112 and O l l 1 5 ) ,  and 
the  t h i r d  replacement package 
was good. Also two f a u l t y  
P I  RF assemblies were found 
on 5-18-2 (UCR No. 01703 and 
t h i s  UCR). I n  other words, 
o f  f i v e  d i f fe ren t  packages, 
four were found t o  malfunc- 
t ion ;  therefore,  the P I  RF 
assembly i s  considered t o  be 
a major telemetry problem. 
I t  i s  recanmended that an 
inves t iga t ion  be conducted 
t o  determine the area of 
marginal design of these 
packages, and i t i s  recommended 
that immediate design be 
inaugurated t o  correct  t h i s  
major telemetry problem. 

See UCR 01709 fo r  checks 
made and act ion taken. 

I t  i s  recwnmended tha t  an 
invest igat ion be conducted 
t o  determine the  cause of the 
malfunction and that the re- 
s u l t s  be canpiled i n t o  a 
h i s t o r i c a l  record of t h i s  
type malfunction. 

I t  i s  recanmended that an 
inves t iga t ion  be conducted 
t o  determine the  cause of 
the  d r i f t  i n  values. 
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PART NAnE 

SERIAL NUNBER 
UC R PART NUMBER 

01721 OC A m p l i f i e r  
50C10394-29 
1659 

Oi72i D t  &"p: ; :i e i  
Assembly 
5OC10388-57 
0418 

01723 OC Amp l i f i e r  
50c I 0388-47 
0180 

01724 DC A m p l i f i e r  
Assembl y 
5OC10386-25 
13420 

01725 DC A m p l i f i e r  
Assembly 

C217 
50~10382-3 

01726 Valve Assembly- 
7- I nch 
20N00873 
0005 

01727 L i q u i d  Level 
Adapter 
50C10699 
48 

UNSATISFACTORY CONDITION REPORT (CONTINUED) 

OESCRI MI ON 

During p r e f i r i n g  checkout wh i l e  per forming 
procedure 3-CH SIB-502, measurement C I - 7  
i nd i ca ted  2.0 v o l t s  a f t e r  H i - t a l  and Run 
values were proper ly  adjusted. (There i s  no 
adjustment o ther  than H i  and Run f o r  Lo - ta l ) .  
The L o - t a l  va lue was observed t o  d r i f t  as l o w  
as 0.723 v o l t  ; harever, the associated curve 
s p e c i f i e s  0.570 v o l t  for Lo-Cal. Replace- 
ment o f  t he  a m p l i f i e r  co r rec ted  the problem. 

o-:,.- , +^ L1 *-e+ .--. SA-??, z!! f!::ht i n s t m w n t a -  

t i o n  was ca l i b ra ted .  A t  t h i s  t ime  i t  was 
noted t h a t  the output of measurement 5671-9, 
s t r a i n  engine ou t r i gge r ,  was ve ry  e r r a t i c  i n  
both the  Hi  and Run modes o f  operat ion.  The 
readings should have been steady and 4.53 
v o l t s  i n  H i - t a l  and 2.48 v o l t s  i n  Run mode. 

P r i o r  t o  t e s t  Sk-27,  all f l i g h t  ( a c t i v e  and 
s imulated)  measurements were ca l i b ra ted .  
A t  t h i s  t ime i t  was noted t h a t  measurement 
S6l5-8 would n o t  respond h e n  t h e  H i  o r  
Run adjustments were made. 

P r i o r  t o  t e s t  SA-27, a l l  f l i g h t  ( a c t i v e  and 
simulated) measurements were ca l i b ra ted .  
A t  t h i s  t ime i t  was noted t h a t  measurement 
5571-22 would n o t  respond when the H i  o r  
Run adjustments were made. 

P r i o r  t o  t e s t  SA-27, f l i g h t  measurements 
were ca l i b ra ted .  A t  t h i s  t ime the  A t  
A m p l i f i e r  S/N C217 was placed i n  Hi-Cal mode. 
The a m p l i f i e r  c o r r e c t l y  produced 0.701 v o l t s  
RnS i n  Hi-Cal, but i t  could not  be taken out 
of Hi-Cal node. 

The LOX tanks were pressur ized t o  20 p s i g  
per procedure 6-CH SIB-260 f o r  leak check. 
It was found du r ing  t h i s  i n v e s t i g a t i o n  
t h a t  t he  7- inch LOX vent  va lve (S/N 0005) 
was leak ing  p a s t  the l i p  seal. (Reference 
UCR's 01145, 234, 231, and 73.) 

Dur ing a f u e l  tanking t e s t  p r i o r  t o  t e s t  
SA-27, t h e  output  o f  each cont inuous l e v e l  
l i q u i d  measurement was observed a t  a DDAS 
ground s ta t i on .  Wen f u e l  had covered the  
probe i n  f u e l  tank F-4 the  measurement 
i nd i ca ted  41.5 inches of fue l .  It should 
have i n d i c a t e d  40.5 inches. 

143 

RENARKS 

I t  i s  recomnended t h a t  an 
i n v e s t i g a t i o n  be conducted t o  
determine the  cause o f  t h e  
mal funct ion,  and t h a t  a 
h i s t o r i c a l  record be kept of 
t h i s  t ype  mal funct ion.  

The cause i s  unknown. A 
loose connect ion i n s i d e  the  
a m p l i f i e r  i s  t he  suspected 
cause. 

I t  i s  r e c m e n d e d  t h a t  t h e  
cause o f  t he  mal funct ion be 
i nves t i ga ted ,  and t h a t  t he  
r e s u l t s  be canp i l ed  i n t o  a 
h i s t o r i c a l  record o f  t h i s  type 
mal f u n c t i  on. 

I t  i s  recomnended t h a t  t he  
a m p l i f i e r  S/N 0180 be sub- 
j e c t e d  t o  a bench t e s t  t o  
determine the  cause o f  t he  
mal funct ion.  

I t  i s  recomnended t h a t  t he  
a m p l i f i e r  S/N 13420 be 
subjected t o  a bench t e s t  
t o  determine the  cause of 
the  mal funct ion.  

I t i s  r e c m e n d e d  t h a t  an 
i n v e s t i g a t i o n  be conducted t o  
determine the  cause o f  t he  
mal funct ion.  I t i s  be l i eved  
t h a t  a d d i t i o n a l  design may be 
necessary t o  improve r e i  i a b i  I i t y  
of t he  H i ,  Lo and Run se lec t  
modes o f  all f l i g h t  measure- 
ments. I t  i s  recannended t h a t  
a h i s t o r i c a l  s tudy be made of 
past UCR's of t h i s  type 
ma 1 f unct i on. 

The vent va l ve  assembly 
(S/N 0005) was replaced by 
a s imi  l a r  i t em (S/N 0006) and 
i t  i s  recanmended t h a t  a 
f a i l u r e  ana lys i s  be conducted 
t o  determine the  cause o f  
leakage. 

The improper reading i s  
suspected o f  be ing caused 
by one o f  two factors :  

1.  A misadjustment o f  r a t i o  
capac i to rs  i n s i d e  t h e  
l i q u i d  l e v e l  adapter. 

2. The l i q u i d  l e v e l  probes 
being out  o f  to lerance.  

Except f o r  t he  improper 
reading, t he  measurement 
appeared t o  operate normal ly.  
I t  i s  recanmended t h a t  t he  
measurement be reca l  i b ra ted  
du r ing  post  s t a t i c  t e s t  
operat ions a t  Michoud. The 
adapter was not  removed from 
S- 16-2 a t  STTE. 



PART NNIE 
UC R PART NUMBER 
NUMBER SERl  AL NUMBER 

UNSATISFACTORY CONDITION REPORT (CONTINUED) 

OESCRI PTI ON 

01728 L i q u i d  Level During a f u e l  t ank ing  t e s t  p r i o r  t o  t e s t  
SA-27, t h e  output  o f  each cont inuous leve l  
l i q u i d  measurement was observed a t  a DDAS 
ground s t a t i o n .  When fue l  had covered t h e  
probe i n  fue l  tank F-2 the  measurement 
i n d i c a t e d  40.9 inches o f  f u e l .  I t  should 
have i n d i c a t e d  40.5 inches. 

Adapter 
SOC 10699 
47 

01729 L i q u i d  Level During a f u e l  t ank ing  t e s t  p r i o r  t o  t e s t  SA-27, 
Adapter the  output  o f  each continuous l i q u i d  leve l  
50c I 0699 measurement was observed a t  a DDAS ground 
45 s t a t i o n .  When fue l  had covered t h e  probe i n  

f u e l  tank F-3 t h e  measurement i n d i c a t e d  41.1 
inches of  fue l .  I t  should have i n d i c a t e d  
40.5 inches. 

01730 L i q u i d  Level Dur ing a f u e l  t ank ing  t e s t  p r i o r  t o  t e s t  
Adapter SA-27, t he  output  o f  each continuous 
50C 10699 l e v e l  l i q u i d  measurement was observed a t  
22 a DDAS ground s t a t i o n .  When f u e l  had 

covered t h e  probe i n  f u e l  tank F- l  t h e  
measurement i n d i c a t e d  40.9 inches of  f ue l .  
I t  should have i n d i c a t e d  40.5 inches. 

Subcarr ier  
Dsci 1 l a t o r  
5OC60037-3 
57 

The 70KC 30% s u b c a r r i e r  osc i  l l a t o r  
frequency on F-2 Telemetry was approx i -  
mate ly  4KC t o o  h i g h  a t  both low and 
h i g h  band edges when received a t  S t a t i c  
Test. The osc i  1 l a t o r  was ad jus ted  
p roper l y  th ree  t imes p r i o r  t o  S ~ - 2 7  and 
each t ime i t  d r i f t e d  back t o  t h e  h i g h  
frequency cond i t i on .  The h i g h  and low 
band edges should have been 49KC 2 210 
cps and 91KC f 210 cps. 

1wI 

REMARKS 

The improper reading i s  sus- 
pected o f  be ing caused by one 
o f  two fac to rs :  

I .  A misadjustment o f  r a t i o  
capac i to rs  i n s i d e  t h e  
l i q u i d  l e v e l  adapter. 

2. The l i q u i d  l e v e l  probes 
being out o f  to1 erance. 

Except f o r  t he  improper read- 
i ng ,  t he  measurement appeared 
t o  operate normal ly .  I t  i s  
recommended t h a t  t h e  measure- 
ment be reca l  i b ra ted  d u r i n g  
post  s t a t i c  t e s t  ope ra t i ons  
a t  Michoud. The adapter  was 
no t  removed f ran S - I  8-2 a t  
STTE. 

The improper reading i s  
suspected o f  be ing caused 
by one of  two factors :  

1 .  A misadjustment o f  r a t i o  
capac i to rs  i n s i d e  the  
l i q u i d  l e v e l  adapter. 

2.  The l i q u i d  l e v e l  probes 
being out o f  to lerance.  

Except f o r  t h e  improper read- 
i ng ,  t h e  measurement appeared 
t o  operate normal ly .  I t  i s  
recanmended t h a t  t h e  measure- 
ment be reca l  i b ra ted  d u r i n g  
post  s t a t i c  t e s t  operat ions 
a t  Michoud. The adapter was 
not  removed fran 5-18-2 a t  
STTE. 

The improper reading i s  sus- 
pected o f  be ing caused by 
one of  two fac to rs :  

1 .  A misadjustment o f  r a t i o  
capaci t o r s  i n s i d e  the 
l i q u i d  l e v e l  adapter. 

2. The l i q u i d  leve l  probes 
being out o f  to lerance.  

Except f o r  t he  improper read- 
i ng ,  t he  measurement appeared 
t o  operate normal ly .  I t  i s  
recanmended t h a t  t h e  measure- 
ment be reca l  i b ra ted  d u r i n g  
post  s t a t i c  t e s t  operat ions 
a t  Michoud. The associated 
adapter  was no t  removed frm 
5-18-2 a t  STTE. 

The cause o f  t h e  d r i f t  i s  
unknown. 

The SCD w i  1 1  be rep laced when 
a spare becanes ava i l ab le .  
I t  i s  recommended t h a t  t he  
cause o f  t he  d r i f t  be 
i nves t i gated. 



UC R 
NUMBER 

01732 

0 1733 

01734 

01735 

PART NME 
PART NWBER 
SERl AL NUMBER 

Module 2 

Ca l i  b r a t i  on 

I2 

Assembly - 
50 f l l 20 l l - 3  

Hul t i  p i  exer 
Assembly 
5Ofl12192-3 
002 

Mu 1 ti p l  exer 
Assembly 
6OC50081-7 
002 

DC Amp l i f i e r  
50C1039627 
1665 

01736 8.-Nut 
4BTX-SS 
N/A 

01 737 

01738 

Inne r  Connector 
Line-Fuel 
20C00009 
N/A 

Thermocouple 
50C 1041 7 
0093 

UNSATISFACTORY CON01 T I  ON REPORT (CONTI NUEO) 

DESCRI PTI ON 

Whi l e  eva lua t i ng  Telemetry data a f t e r  
SA-28; it was discovered t h a t  t he  zero 
t o  f i v e  v o l t s  s t a i r s t e p  l n f l i g h t  c a l i b r a -  
t i o n  l eng th  was approximately 800 m i l l i -  
seconds f o r  F - 1  FWFR channels. The zero 
l e v e l  c a l i b r a t i o n  length was 200 m i l l i -  
seconds, but  i t  should be 140 2 IO ms t o t a l i n g  
700 t 50 m i  1 1  i seconds. 

Whi le eva lua t i ng  data f rom S-1 Telemetry 
p r i o r  t o  SA-27, i t  was discovered t h a t  
t he  sampling du ra t i on  o f  the v i b r a t i o n  
m u l t i p l e x e r  for a c a p l e t e  cyc le  was 9.6 
seconds. The sampling t ime should have 
been a minimum o f  approximately 12 seconds. 
This  mal funct ion was no t i ced  approximately 
25 minutes a f t e r  the v i b r a t i o n  m u l t i p l e x e r  
was turned on. 

REMARKS 

Since on ly  F-l te lemetry  zero 
l e v e l  c a l i b r a t i o n  has excessive 
length,  i t  i s  be l i eved  t h a t  
t he  problem may be i n  the  i n -  
t I i ght  ca l  i b r a t i  on carmand 
c i r c u i t r y  i n s i d e  the  TH 
c a l i b r a t o r .  

The c a l i b r a t o r  operates 
s a t i s f a c t o r i l y  except f o r  t he  
above discrepancy and i s  no t  
be ing r w l a c e d  bv S t a t i c  Test. 
It i s  recannended cons ide ra t i on  
be g iven f o r  widening the  
s p e c i f i c a t i o n  t o  cover above 
funct ions.  

The v i b r a t i o n  m u l t i p l e x e r  
operates s a t i s f a c t o r i l y  except 
f o r  the above discrepancy and 
w i l l  not  be replaced by S t a t i c  
Test. It i s  recarmended t h a t  
t he  sampling du ra t i on  be ad- 
j u s t e d  du r ing  post  s t a t i c  t e s t  
operat ions a t  Hichoud. 

Whi le eva lua t i ng  PCH te lemetry  data records dur- Channels 7, 8, and 9 on a l l  
i ng SA-27 p r e f i  r i n g  checkout i t  was observed frames have t h e  IOOK ahm 
t h a t  t he  f o l l o w i n g  unused channels i n  the  P- l  270 inpu t  r e s i s t o r s  removed and 
channel mu1 t i  Dlexer i nd i ca ted  aDDroximatelv . .  
2 v o l t s  output  and was extremely e r r a t i c .  

Channel 7, frames I and 6 
Channel 8, frame IO 
Channel 9. frame IO 

While per forming procedure 3-04 SIB-502 du r ing  
p r e f i  r i n g  (SA-27) checkout, iiieasurement C59-4 
i nd i ca ted  a proper output i n  the Hi-Cal mode 
but read a low value i n  the  Low-Cal. I nves t i ga -  
t i o n  of t he  mal funct ion revealed a f a u l t y  DC 
a m p l i f i e r .  

V isual  i nspec t i on  of engine 6 (S/N 4049), 
imnediate ly  fo l l ow ing  s t a t i c  t e s t  SA-28, 
revealed a fue l  leak a t  t he  & n u t  
(P/N,kBTX-SS) on the system p o r t  of t he  
inboard number 2 Thrust OK pressure 
su i  tch. 

Dur ing fuel t rans fe r ,  leakage was d iscovered 
a t  t he  f l ange  between the  f u e l  i nne r  
connector l i n e  and the f u e l  t r a n s f e r  l i n e  
from f u e l  tank F-I.  Upon disassembly of t h i s  
f lange j o i n t  i t  was discovered t h a t  t he  
O-r ing was severe ly  damaged. The O-r ing 
was cu t  approximately 1/2 through the  
cross-sect ion diameter. 

Dur ing the moni tor ing pe r iod  p r i o r  t o  t e s t  
SA-27 the  ou tpu t  of the  f i r e  detect  system 
f o r  measurement or702 (XC 1 1 6 - 1 )  was e r r a t i c  
on the  s t r i p  c h a r t  recorder. One o f  t he  
e i g h t  ser ies-wi  red thermocouples was i n t e r -  
m i t t e n t l y  opening the c i r c u i t .  

t he  unused channels are 
rece iv ing  c r o s s t a l k  fran 
other  channels. 

I t  i s  recommended t h a t  t he  
unused channels i n  the  P- l  
270 channel m u l t i p l e x e r ,  
which have had the IOOK ohm 
r e s i s t o r s  removed, be termi nated 
w i t h  e i t h e r  IOOK o h m  r e s i s t o r s  
or  grounded i n  a measuring 
d i s t r i b u t o r .  

I t  i s  recarmended t h a t  t he  
DC A m p l i f i e r  be returned t o  
CCSD-Hichoud. An inves t i ga -  
t i o n  should be conducted t o  
determine the  cause o f  t he  
mal f unct i on. 

I t  i s  recannended t h a t  t he  
B-nuts on a l l  f u t u r e  Thrust  
OK pressure sw i t ch  system 
mani fo lds (P/N 308867) be 
o f  t he  type d r i  1 l ed  f o r  
sa fe ty  wire. 

Probable cause was t h e  
improper assembly o f  t he  
j o i n t .  

Replaced the  O-r ing and re- 
i n s t a l l e d  the  assembly. 

The thermocouple was opening 
between p ins  A and B poss ib l y  
due t o  a bad connect ion a t  
one o f  these pins. 

The de fec t i ve  thennocouple was 
replaced. 



PART NAME 
UCR PART NUMBER 
NUMBER SERl AL NUMBER 

01739 Valve Assembly 
Fuel Container 
Vent 

12 

- 

20~30000 

01740 LOX Prevalve 
60~20339 
106 

01741 Flame Cur ta in  
Outboard Engine 
S t a t i c  Test 

N/A 
I OCI I 462 

01742 High Pressure 
Sphere 

N/A 
6oc2 I 099- I 

UNSATISFACTORY CONOI TI ON REPORT (CONTINUED) 

DESCRIPTION 

Fuel was loaded t o  634.5 inches f o r  t e s t  
SA-27 per procedure 6-CH SlB-23OA and the 
fue l  vents  were c losed f o r  l eak  check. 
Fuel Valve Assembly (S/N 12) f a i l e d  t o  g i v e  
the  c losed i n d i c a t i o n .  The Valve Assembly 
was cyc led and t h e  c losed i n d i c a t i o n  was 
never a t ta ined .  To v e r i f y  t h a t  t he  vent  
was c losed t h e  f u e l  tanks were pressur ized,  
and du r ing  the  p r e s s u r i z a t i o n  t h e  v a l v e  
assembly gave the  c losed i n d i c a t i o n .  

The LOX Prevalve on engine 8 f a i l e d  t o  g i v e  
an open i n d i c a t i o n  a t  cryogenic  temperatures 
f o l l o w i n g  t e s t s  SA-27 and SA-28 when the  
va l ve  was opened a t  reset .  However, t he  
open i n d i c a t i o n  was received a f t e r  t h e  va l ve  
had achi eved ambi ent  condi t i  ons. 

The inboard s i d e  o f  t he  flame c u r t a i n s  a t  
engines 3 and 4 were damaged du r ing  t e s t  
SA-28 hot  f i r i n g .  A t  engine 3 ,  two la rge  
holes were burned through t h e  r e f l e c t i v e  
m a t e r i a l ,  thus damaging the  boot. A t  
engine 4, the  r e f l e c t i v e  m a t e r i a l  was 
burned t o  the  ex ten t  t h a t  i t  became d ry  
and b r i t t l e .  

NOTE: Th is  i s  t h e  f i r s t  t ime t h a t  a ho le  
has been burned i n  the  r e f l e c t i v e  
m a t e r i a l  o f  a f lame c u r t a i n  d u r i n g  
a sho r t  d u r a t i o n  f i r i n g .  

Post t e s t  i nspec t i on  o f  t he  GN2 c o n t r o l  sphere 
revealed the  presence o f  several bubbles i n  
t h e  i nne r  l i n e r  o f  the sphere. Another 
i nspec t i on  approx imate ly  12 hours a f t e r  t h e  
d iscovery of  t he  bubbles revealed t h a t  t h e r e  
was a g rea te r  number o f  bubbles and t h a t  t h e  
bubbles were of  g rea te r  s ize.  The sphere 
was reassembled and pressur ized.  Examination 
of  t he  sphere 's  sur face w i t h  leak check 
s o l u t i o n  revealed the  presence of escaping 
gas. 
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REMARKS 

The s w i t c h  mechanism f o r  t h e  
fue l  vent  va l ve  assembly 
apparen t l y  f a i l e d  du r ing  
operat ion.  

The fue l  vent  v a l v e  assembly 
(S/N 12) was rep laced by a 
s i m i l a r  i t em (S/N 23). I t  i s  
recommended t h a t  f a i l u r e  
ana lys i s  be performed on the  
Valve Assembly. Reference 
UCR 00190 and 00189. 

Probable cause i s  e i t h e r  t h a t  
t h e  ac tua to r  p i s t o n  f roze  o r  
t he  p o s i t i o n  swi tches f a i l e d  
t o  ac tua te  a t  cryogenic  tempera- 
tures.  

The LOX preva lve  (S/N 106) was 
replaced by a s i m i l a r  i t e m  
(S/N 114). This  i s  a re- 
occu r ing  problem on many LOX 
prevalves.  I t  i s  recommended 
t h a t  f a i l u r e  ana lys i s  be 
performed on the  LOX Prevalve. 
Reference UCR 01708, 01155, 
and 1116. 

The 92-5 a lumin ized f a b r i c  
used on these flame c u r t a i n s  
does no t  appear t o  r e f l e c t  
heat as w e l l  as t h e  r e f l e c t i v e  
tape and r e f r a s i l  m a t e r i a l  used 
on t h e  f lame c u r t a i n s  o f  pre-  
v ious  stages. A l so ,  t h e  
r e f l e c t i v e  ma te r ia l  on these 
f lame c u r t a i n s  was bonded t o  
the  boot ra the r  than hung 
loose ly  about t h e  boot as on 
prev ious stages. I t  appears 
as i f  t h e  boot i s  b e t t e r  
p ro tec ted  from heat by a 
loose cover ing than i t  i s  by 
a bonded one. 

The damaged f lame c u r t a i n  a t  
engine 3 was removed and re- 
turned t o  Michoud. A new 
f lame c u r t a i n  ( type used on 
prev ious stages) was i n s t a l l e d  
a t  engine 3. The f lame c u r t a i n  
a t  engine 4 was repai red by 
bonding 92-s a lumin ized f a b r i c  
t o  the  damaged area w i t h  Dow 
Corning Q-20103-2 sealant .  I t  
i s  requested t h a t  t h e  o r i g i n a l  
type lOCl1462 f lame c u r t a i n s  
( type used on prev ious stages) 
be employed on a l l  f u t u r e  
stages. 

The c o n t r o l  sphere was re- 
moved and shipped t o  Michoud 
f o r  f u r t h e r  i nves t  i qat i on. 



UNSATISFACTORY C?NOlTlON REPORT (CONTINUED) 

PART NAnE 
UC R PART NUMBER 
NUMBER SERIAL NUMBER OESCRI PTI ON 

01743 Valve Assembly Dur ing the  t e s t  of t he  a i rbc rne  canponents 
(7-1 nch) 
20M00873 
0006 when the  va lve was i n  the  c losed p o s i t i o n .  

a f t e r  t e s t  SA-28 the 7- inch LOX vent 
va l ve  f a i l e d  t o  give a c losed i n d i c a t i o n  

However, the -.a:& rias v;sdai;y Checked 
and found t o  be i n  the  c losed pos i t i on .  

01744 LOX Prevalve The LOX prevalve on engine 4 f a i l e d  t o  g i v e  
60C20339 a c losed i n d i c a t i o n  a t  cryogenic temperatures 
i o 2  when i t  was closed imnediate ly  f o l l o w i n g  t e s t  

SA-27. The closed i n d i c a t i o n  was received 
a f t e r  t he  va l ve  had achieved ambient condi-  
t i o n .  

01745 LOX Prevalve The LOX prevalve on engine 7 f a i l e d  t o  g i v e  a 
60C20339 c losed i n d i c a t i o n  at cryogenic  temperatures 
105 when i t  was closed imnediate ly  f o l l o w i n g  t e s t  

SA-27. The closed i n d i c a t i o n  was received 
a f t e r  t h e  v a l v e  had achieved ambient 
condi t ions.  

01746 Valve kssembly Whi!e ir! the process of i n s t a l ! i n g  a new 
Fuel Container fue l  vent va lve assembly (S/N 23) .  i t  was 
Vent noted tha t  four studs on t h e  valve assembly 

d i d  not  l i n e  up w i t h  t h e i r  respec t i ve  holes 
i n  the f u e l  conta iner  wa l l .  To i n s t a l l  t he  
va l ve  assembly, i t  was necessary t o  a l t e r  
t he  holes i n  t h e  conta iner  wa l l  so t ha t  they 
would f i t  the s tud al ignments of t he  va l ve  
assembly. The holes t h a t  were a l t e r e d  a re  
numbers 2, 3, 4, and 5, s t a r t i n g  a t  12 
o ' c l o c k  and going clockwise. 

The studs were e i t h e r  improper ly  i n s t a l l e d  
or were damaged dur ing shipment o r  storage. 

P r i o r  t o  t e s t  SA-29, an e f f o r t  was made t o  
ad jus t  measurement E500-4, V i  b r a t i  on, 

found t h a t  i n  the  Hi-Cal node, the  output  
could not  be adjusted h ighe r  than 0.100 
v o l t  RHS. The correct  va lue should have 
been 0.704 v o l t  RnS. 

01 747 Accelerometer 
50C I0406 
434 engine t h r u s t  beam l o n g i t u d i n a l .  I t  was 

REMARKS 

The probable cause o f  t he  
p o s i t i o n  i n d i c a t i o n  f a i l u r e  
i s  a mal func t i on  o f  t he  pos i -  
t i  on i ndi ca to r  swi tch. 

This  i s  a  reoccur ing problem 
which has appeared on m c s t  
prev ious 7- inch LOX vent 
valves. It i s  recamended 
t h a t  t he  va l ve  be changed 
du r ing  post  s t a t i c  checkout 
a t  Mlchoud, and f a i l u r e  
ana lys i s  be conducted on i t . 
Reference UCR's 01145, 234, 
231, and 73. 

The probable cause i s  e i t h e r  
t h a t  the ac tua to r  f roze  or  
t he  p o s i t i o n  switches f a i l e d  
t o  actuate a t  cryogenic 
temperatures. 

The LOX p reva lve  operated 
p roper l y  a f t e r  t e s t  SA-28. 
This i s  a reoccur ing problem 
on many LOX prevalves.  
Reference UCR's 01708, 01155, 
and 01116. 

The probable cause i s  e i t h e r  
tha t  t he  ac tua to r  p i s t o n  f roze 
o r  t he  p o s i t i c n  switches 
f a i l e d  t o  actuate at cryogenic 
t m p e  r a t  u res. 

The LOX prevalve operated 
p roper l y  a f t e r  t e s t  SA-28. 
This i s  a  reoccur ing problem 
on many LOX prevalves.  
Reference UCR's 01155 and 
C!! !6.  

I t  i s  recamended t h a t  a  
f a i l u r e  ana lys i s  be conducted 
t o  determined the  cause of 
the misa l igned studs. 

I n v e s t i g a t i o n  revealed t h a t  
a f a u l t y  acce ie raneter  was 
the  cause o f  t he  mal funct ion.  

The f a u l t y  acceleraneter  was 
replaced as p a r t  o f  replace- 
ment k i t .  Other p a r t s  of the  
k i t  , P/N 60COO224-LS-0087, are 
as fo l lows:  

PART 

Emi t te r  0017 RA0361 
Fol l w e r  

AC C206 C138 
Amp1 i f i e r  

OLD S/N NEW S/N - -  - 



UNSATISFACTORY CONDITION REPORT (CONTINUED) 

PART NAME 
UC R PART NUMBER 
NUMBER SERIAL NUMBER - DESCRIPTION 

01748 E m i t t e r  Follower Pr ior  t o  test  SA-29, an e f fo r t  was made 
5oc10401-1 t o  adjust measurement E503-9 v ib ra t i on ,  
027 engine thrust  beam perpendicular. I t  

was found t h a t ,  the output could not 
be adjusted higher than 0.300 v o l t  
RMS. The correct value should have 
been 0.702 v o l t  RMS. 

01749 Accelerometer Evaluation o f  records of tes t  SA-28 
5oc10105 
253 t i o n ,  Thrust Chamber Dane, Longitudinal,  

revealed that measurement E33-3, V i  bra- 

d i d  not produce an output during the 
fi ring. Invest igat ion revealed that 
pins A and D o f  the accelerometer i n d i -  
cated 2 ohms. A +22.5 vo l t s  and i t s  
ground power source i s  normally appl ied 
between these two pins. 

01750 DC Ampli f ier Pr ior  t o  tes t  SA-29, measurement C l - I ,  
5OC10394-29 temperature, LOX pump bearing I ,  was 
1644 ind icat ing an incorrect  value i n  the 

Hi-cal mode. The ampl i f ier  was adjusted 
t o  the correct value o f  4.15 vo l t s  i n  
Hi-cal. I t  was noted that  the ampl i f ier  
d r i f t e d  out o f  tolerance w i th in  three (3) 
minutes. 

01751 DC Ampli f ier P r io r  t o  tes t  SA-29, measurement C533-2, 
50cl03963 I temperature, sk in  F i n  5, indicated 
I679 approximately 0.100 v o l t  when placed 

i n  the Hi-Cal mode. The value should have 
been 4.09 vo l ts .  

~~~ ~~ ~ 

01752 Relief Valve Af ter  removal o f  the 750 regulator f o r  
20C30137A shipment t o  the Cape i t  was noted that the 
CH-013 adjustment screw was corroded (rust)  and 

the screw d r i ve r  s l o t  was broken on the 
pressure re1 i ef hand valve. 

01753 S S B  Mult iplexer During i n i t i a l  checkout o f  the l i q u i d  level  
Assembly system through PCM Telemetry, i t  was found 
50C 12089-3 tha t  output b i t  29 (MSD) o f  the RDSM, ' 

002 i n te rm i t ten t l y  indicated an output i n  the 
run condit ion and when being transferred 
from Run t o  Cal condit ion. I t  was d is-  
covered that large spikes appear a t  the 
RDSM 29 b i t  input. 

REMARKS 

Invest igat ion revealed that  
a fau l t y  Emitter Follower was 
the cause of the malfunction. 

The fau l t y  Emitter Follower 
was replaced as par t  o f  a 
replacement k i t .  Other par ts  
of the k i t ,  par t  number 
6OCOO243-LS-0086, are as 
follows: 

PART OLD S/N NEW S I N  

Accelero- 404 462 
meter 

AC c211 C197 
Amp1 i f i er 

A shorted e lect ron ics compo- 
nent i n  the emi t ter  fol lower 
o f  the accelerometer i s  the 
suspected cause of the short 
c i r c u i t .  

I t  i s  recmended tha t  an 
invest igat ion be conducted t o  
determine the cause of the 
short ti rcui  t. New replace- 
ment k i t ,  S/N 6OCOO252-LS-0364 
ampl i f ier ,  P/N 5OC10382-3, 
S I N  C l 4 8 .  

The cause o f  the d r i f t  o f  the 
ampl i f ier  i s  not known. A 
f aul t y  e lect ron ic  component 
inside the ampl i f ier  i s  the 
suspected cause. 

The cause o f  the malfunction 
should be investigated. 
D r i f t i n g  ampl i f iers  i s  a 
common malfunction, and compar- 
ison o f  the cause o f  each 
f a u l t y  ampl i f ier  should be 
performed t o  determine weak- 
nesses i n  design. 

A f a u l t y  e lect ron ic  component 
ins ide the fau l t y  ampl i f ier  
i s  the suspected cause of 
the malfunction. 

I t  i s  recommended that the 
cause of the fau l ty  ampl i f ier  
be investigated. The re- 
su l t s  o f  t h i s  invest igat ion 
should be compiled i n t o  a 
h i s to r i ca l  record of t h i s  
type malfunction. 

The probable cause of t h i s  
condit ion was defective 
material.  

Before using t h i s  regulator 
i t  i s  recommended tha t  the 
adjustment screw be changed. 

The large t rans ient  spikes 
appearing a t  the RDSM input 
are being transmitted as 
a d i g i t a l  "one". Source of 
these spikes i s  unknown. 

I t  i s  recommended tha t  the 
PC card containing the 29 b i t  
c i r c u i t r y  f o r  a l l  words be 
removed from the RDSM since 
i t  i s  not used i n  t h i s  system 
Except f o r  the above discrep- 
ancy the RDSM functions 
properly and w i l l  not be re- 
placed by S ta t i c  Test. 

- 
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UC R 
NUMBER 

01754 

01755 

01756 

PART NME 
PART NUMBER 
SERl AL NUMBER 

Tube Assembly 

N/A 
6pc 10468- 1 

Mi c r w h w e  
Cable Assembly 
50C 10399 
2289 

Accel eraneter  
5oc10105 
249, 230, 
250, 231 

UNSATISFACTORY CONDl TlON REPORT (CONTINUED) 

DESCRI PTI W 

Eva lua t i on  of records of t e s t  SA-28 r e  
vealed t h a t  measurement D2-F3, Pressure, Gas 
i n  fue l  tank,  d i d  not respond t o  changes i n  
pressure i n  the  fue l  tank. 
vealed t h a t  a sense l i n e  tub ing ,  P/N 
6 O C l o 4 6 B - I ,  between the t ransducer  and the  
fue l  t ank  was missing. Th is  tub ing  was ob- 
t a ined  f r a n  Manufactur ing,  Michoud, and in- 
s t a l l e d  p r i o r  to t e s t  SA-29. 
was noted on D 2 - ~ 3  du r ing  SA-28. 

I n v e s t i g a t i o n  re- 

No ma l func t i on  

Prier t" tast SA-27, -==c..c~ent ESC!!-4, 
acoust ic ,  engine shroud area, f a i l e d  t o  
i n d i c a t e  an output. I n v e s t i g a t i o n  revealed 
t h a t  t he  cable assembly connected t o  the  
m i  crophone was broken. 

Eva lua t i on  of records o f  each Chrys le r  b u i l t  
veh ic le ,  5-1-8, 5-1-10, and 5-IB-1, revealed 
t h a t  measurements E33-1, €33-3, E33-5, and 
€33-7, V i b r a t i o n ,  Thrust Chamber, Dane, i n d i -  
cated excessive amounts o f  v i b r a t i o n  du r ing  
each s t a t i c  f i r i n g .  This  i n d i c a t e d  v i b r a t i o n  
was g rea te r  than the response l i m i t s  o f  t he  
associated te lemetry  channel. 

P r i o r  t o  t e s t  SA-27, arrangements were made 
t o  canpare r e s u l t s  f r a n  a t ransducer  (manu- 
fac tu red  by CUBIC) as measured Over l a n d l i n e  
' f a c i l i t i e s  w i t h  a f l i g h t  t ransducer (E33-1, 

manufactured by Glennite) as measured Over 
the  s a w  path. The CUBIC t ransducer i n d i -  
cated approximately 20 t o  28 g peak t o  peak, 
w h i l e  t h e  f l i g h t  t ransducer (Glenni te)  i n d i -  
cated approximately 100 g peak t o  peak. The 
f :  i ght t ransducers were f u r t h e r  i nves t i ga ted  
du r ing  t e s t  5.4-29. Two t ransducers,  CEC, 
PN 4-280-0105, were a l so  t es ted  du r ing  t h i s  
t e s t .  One of these was connected to t he  
S ing le  Side Band Telemetry System w h i l e  the  
second was connected t o  the  l a n d l i n e  system. 
R e a l i s t i c  datawere obtained fran the  CEC 
transducers w h i l e  excessive v i b r a t i o n  was 
i n d i c a t e d  fran the  Glenni te  f l i g h t  t rans-  
ducers. 

A G lenn i te  f l i g h t  t ransducer and the  CEC t rans-  
ducer were each subjected t o  a shake t a b l e  
t e s t  f o l l a r i n g  SA-29. F igu re  1 i n d i c a t e s  the  
response o f  each of the transducers.  
be seen t h a t  t he  CEC t ransducer  responds i n  
an approximate l i n e a r  fash ion  t o  IO KC, bu t  
t h e  G lenn i te  t ransducer has a resonant p c l n t  
a t  about 7 KC. F igure 2 i n d i c a t e s  a j requency 
ana lys i s  of the V ib ra t i on ,  Thrust  Chamber D a n e  
Measurements as recorded by a G lenn i te  and the  
CEC t ransducer  dur ing the  t e s t  SA-29. An 
ana lys i s  was also  performed on t h e  v i b r a t i o n  
recorded by a l a n d l i n e  CUBIC transducer.  
CUBIC and the  CEC ind i ca ted  ve ry  s i m i l a r  
resu l t s .  I t  can be seen i n  F igu re  2 t h a t  a 
h igh  energy l e v e l  (as recorded by the  CEC) 
o f  v i b r a t i o n  e x i s t s  a t  about 8 KC, which 
corresponds t o  the  resonant p o i n t  i n  the  
Glenni te  transducer. These two phenanena . 
canbine t o  cause the  G lenn i te  t ransducer t o  
i n d i c a t e  an extremely h i g h  peak (approximately 
16 g) at  about 8 KC as i n d i c a t e d  i n  the  f igure.  

It can 

The 

REMARKS 

The tub ing  not  i n s t a l l e d  du r ing  
manufacture, was i n s t a l l e d  a t  
STTE, Huntsvi I le. 

I t  :- L...,: -.,- A rL-r LL- 
I L .a Y C .  lL.C" L.I-L L l l r  

cable had been stepped on as 
i t  i s  located i n  an area o f  
f oo t  t r a f f i c .  

I t  i s  r e c m n d e d  t h a t  a pro-  
t e c t i v e  cover be designed and 
i n s t a l l e d  du r ing  manufac tur ing  
a t  Michoud on subsequent 
vehic les.  

I t  i s  recormended t h a t  the 
e x i s t i n g  Glenni t e  t ransducers 
be removed from Chrys ler  b u i l t  
Saturn veh ic les  and be re- 
placed w i t h  one t h a t  produces 
r e a l i s t i c  data. A proposed 
replacement i s  CEC PN 4-280-0105. 

I t  i s  f u r t h e r  recormended t h a t  
a d d i t i o n a l  exper iments be con- 
ducted t o  determine e f f e c t s  
o f  s igna ls  g rea te r  than 3 KC 
on f requencies less than 3 KC 
t o  determine r e l i a b i l i t y  of 
s i n g l e  s i d e  band t e l a n e t r y  
channels. I n  a d d i t i o n  t o  re- 
placement of the  G lenn i te  
t ransducers.  increase i n  the  
e f f i c i e n c y  of the 3 KC l o w  
pass f i l t e r s  i n  the associated 
UNA a m p l i f i e r s  may also  be 
necessary t o  o b t a i n  re1 i a b i  1 i t y  
of the V i b r a t i o n  Thrust  Chanber 
Dane Measurements. 
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PART NAME 
PART NUMBER 
SERIAL NUMBER 

Container 
Unit Assembly 
Fuel Tank F-3 
6OClOOl 1 - 1  
N/A 

Tube Assembly 
60~10567- I 
N/A 

Tube Assembly 
60C10565-1 
N/A 

Valve Assembly 
Fuel Container 
Assembly 
60C20358 
23 

Flame Curtain 
Outboard Engine 
Sta t ic  Test 
lOC11462 
N/A 

UNSATISFACTORY CONDITION REPORT (CONTINUED) 

DESCRIPTION 

The s ing le  s ide band telemetry channels are 
l i m i t e d  t o  3 KC; however, experiments reveal 
tha t  changing frequencies above 3 KC (for 
example, 7 KC) has a pronounced ef fect  on 
data i n  the  3 KC band spectrum. Therefore, 
3 KC data i s  unre l iab le  when high signals 
above 3 KC ( f o r  example, 7 KC) i s  present. 

Post tes t  inspection of the stage immediately 
a f te r  t e s t  SA-29 revealed the presence o f  5 
r ipp les  i n  the black surface of fuel tank 
F-3. The pos i t ion  and r e l a t i v e  s ize  of these 
r ipp les  i s  presented by the fo l low ing  l i s t .  

STAT1 ON LENGTH DEPTH - 
756 12 i n .  0.100 i n .  
700 12 i n .  0.075 in. 
698 14 i n .  0.200 in .  
640 r 15  i n .  0.200 in .  
638 13 i n .  0.250 i n .  

During the process o f  repair ing a leak i n  the 
control  system a t  L O X  prevalve 5, a bad f l a r e  
was noted on tube assembly 60C10567-I. 

During the process o f  repair ing a leak i n  the  
control  system a t  fue l  prevalve 3, a bad 
f l a r e  was noted on tube assembly 6OC10565-1. 

Fuel was loaded t o  634.5 inches f o r  t e s t  SA-29 
per procedure 6-CH SIB-230A and the fuel  vents 
were closed fo r  leak check. Fuel valve assembly 
(S/N 23) f a i l e d  t o  give t h e  closed indicat ion.  
To v e r i f y  tha t  the vent was closed, the fuel  
tanks were pressurized and during the  pres- 
sur iza t ion  the valve assembly gave the closed 
indicat ion.  The same condi t ion occurred before 
SA-27. Reference UCR 01739. 

The inboard s ide o f  the flame curtains a t  
engines I ,  2 ,  and 4 were damaged during t e s t  
SA-29 hot f i r ing .  
burned through the r e f l e c t i v e  mater ia l  a t  
engine 4 al lowing the boot t o  become severely 
burned; one large hole was burned through the  
r e f l e c t i v e  mater ia l  a t  engine 2 al lowing the 
boot t o  becane severely burned; and the ref lec- 
t i v e  mater ia l  a t  engine 1 was burned t o  the  
extent tha t  i t  became dry and b r i t t l e .  Also, 
the flame curtains a t  engines 2 and 4 were 
observed t o  burn f o r  approximately 5 minutes 
fo l low ing  cutof f .  

NOTE: An o l d  type lOC11462 flame cur ta in ,  

Two la rge  holes were 

w i th  the  r e f l e c t i v e  mater ia l  f i t t i n g  
loosely over the boot, was i n s t a l l e d  
a t  engine 3 p r i o r  t o  tes t  SA-29. This 
flame c u r t a i n  received l i t t l e  o r  no 
damage dur ing tes t  SA-29. Normally, 
engine 3 flame cur ta in  receives the  
most damage dur ing hot f i r i n g s  a t  
s t a t i c  test. 

150 

REMARKS 

Temperature measurements in-  
s t a l l e d  on the black surfaces 
on fuel tank F-3 revealed tha t  
as the  fuel  level  passed these 
instrumented surfaces there was 
a s i g n i f i c a n t  increase i n  
temperature change. The 
temperature measurements in -  
s t a l l e d  on white surfaces had 
no increase i n  temperature 
change. I t  therefore appears 
tha t  thermal stress causes 
the formation o f  these r ipples.  

I t  i s  recommended that fue l  
tanks F-3 and F-4 be painted 
white on fu tu re  stages f o r  
S t a t i c  Test. This act ion 
should reduce thermal stress I n  
these tanks and cause a more 
uniform temperature d i s t r i  bu- 
t i o n  over the surface o f  these 
tanks. 

The tube assembly had been over 
torqued. 

It i s  recwnmended that the tube 
assembly be replaced a t  post 
s t a t i c  checkout i n  Michoud. 

The tube assembly had been 
over torqued. 

I t  i s  recanmended that the tube 
assembly be replaced a t  post 
s t a t i c  checkout i n  Michoud. 

The fuel  vent valve assembly 
(S/N 23) was replaced by a 
s imi la r  i tem (S/N 22). I t  
i s  recommended t h a t  a f a i l u r e  
analysis be performed on the 
Valve Assembly. 

The 92-5 aluminized f a b r i c  used 
on the flame cur ta ins  a t  
engines 1 ,  2 ,  and 4 does not 
appear t o  re f lec t  heat as wel l  
as the r e f l e c t i v e  tape and 
r e f r a s i l  mater ia l  used on 
the flame c u r t a i n  a t  engine 3. 
Also, the  92-5 aluminized 
fabr ic  i s  bonded t o  the boots 
o f  engines 1 ,  2, and 4; whi l e  
the r e f l e c t i v e  tape and 
refrasi  I mater ia l  hangs loosely 
about the boot on the o l d  type 
flame c u r t a i n  a t  engine 3. 
I t  appears as i f  the boots 
are be t te r  protected from 
heat by loose coverings than 
they are  by bonded coverings. 

I t  i s  requested tha t  the  o l d  
type lOCl1462 flame curtains 
(type used on engine 3 dur ing 
tes t  SA-29 and on previous 
stages) be employed on a l l  
fu tu re  stages. 

. 
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UNSATISFACTORY CONDITION REPORT (CONTINUED) 

PART NAME 
UCR PART NUMBER 
NUMBER SERIAL NUMBER DESCRI PTION 

01762 Recorder Assembly The ampl i tude of t he  tape speed c m p e n s a t i o n  

- 
siana l  f o r  Telemeter F-2 was dev ia t i na  the  
RF t r a n s m i t t e r  approximately 13 KC r a t h e r  
than 2Q 2 5 KC d u r l n g  reverse playback of 
the f l i g h t  tape recorder. 

Tape A i  rborne 
50C 10338 
! n2n 

01763 Thrust  OK 
Pressure Switch 
(Inboard) 
NA5- 27446 
25387 

01764 L i q u i d  Levei 
Adapter 

27 
50c I 0699 

01765 L i q u i d  Level 
Adapter 
50C10699 
32 

Test SA-27, which was conducted on J u l y  8, 
1965, was a u t a n a t i c a l l y  terminated 3.002 
seconds a f t e r  i g n i t i o n  command due t o  
Thrust  OK pressure (TOP) sw i t ch  2 ( inboard)  
S/N 25387 on engine 4 (S/N H-7054) not  
being p icked up p r i o r  t o  c m i t .  The 
osci I l og raph  data i nd i ca ted  t h a t  f u e l  
pump o u t l e t  pressure,  measurement 
PPIO4-4, was 965 p s i g  j u s t  p r i o r  t o  
c m i t  and t h a t  t he  swi tch d i d  ac tua te  
257 m i l l i seconds  a f t e r  t he  c u t o f f  s i g n a l  
was i n i t i a t e d .  Th is  TOP sw i t ch  deactuated 
88 m i l l i seconds  a f t e r  ac tua t i on  a t  a f u e l  
pump o u t l e t  pressure o f  approximately 810 
psig. 

Dur ing a LOX tank ing tes t  p r i o r  t o  SA-29, 
t he  output  of each l i q u i d  l eve i  measure- 
ment was observed a t  a ODAS Ground S ta t i on .  
When LOX covered the probe on LOX tank  
0-1 t h e  rneasurement i nd i ca ted  40.7 inches 
of LOX. I t  should have ind i ca ted  40.3 
inches. 

Dur ing a LOX tank ing  t e s t  p r i o r  t o  SA-29, 
t he  output  of each l i q u i d  l e v e l  measure- 
ment was observed a t  a DDAS Ground S ta t i on .  
Wen LOX had covered the probe i n  LOX tank  
0-2, t h e  measurement i nd i ca ted  40.8 inches 
of LOX. I t  should have ind i ca ted  40.3 inches. 

REMARKS 

The F-2 t r a n s m i t t e r  devia- 
t i o n  o f  the tape speed 
s igna l  was checked p r i o r  t o  

I t i s  be l i eved  t h a t  t he  devia- 
t i o n  sens i t ;  ‘ i t y  of t he  
cu r ren t  F-2 RF assembly i s  
less than t h e  F-2 RF aisembly 
t h a t  was onboard p r i o r  i J  
SA-27 ( o r i g i n a l  RF assanbly 
was replaced due t o  the  
frequency d r i  f t )  , 

Except f o r  t h e  above d iscrep-  
ancy t h e  u n i t  performed 
s a t i s f a c t o r i l y .  I t  was re- 
moved f rom the  veh ic le ,  ad- 
j u s t e d  p roper l y  a t  MSFC 
Q u a l i t y  Contro l  Laboratory 
and r e i n s t a l l e d  on the  vehic le .  

Fo l lowing t e s t  SA-27 pressure 
was app l i ed  t o  the TOP sw i t ch  
(SI” 25387 through the  c a l i b r a -  
t i o n  p o r t  and through the  
system po r t ) .  Actuat ion and 
deactuat ion o f  t he  sw i t ch  was 
w i t h i n  spec i f i ca t i on .  There- 
f o r e ,  i t  appears t h a t  excessive 
response t ime of t he  TOP sw i t ch  
was responsib le  f o r  t he  abor t  
o f  SA-27. 

The f a u l t y  TOP sw i t ch  (S/N 
25387) was replaced by a 
new sw i t ch  (S/N 25426). TOP 
sw i t ch  (S/N 25387) was sent 
t o  Rocketdyne f o r  a canplete 
f a i l u r e  analys is .  

The improper reading i s  sus- 
pected of be ing caused by 
one o f  two fac to rs :  

1 .  A misadjustment o f  r a t i o  
capac i to rs  i n s i d e  the  
l i q u i d  l e v e l  adapter. 

2. The l i q u i d  l e v e l  probes 
being out  of tolerance. 

C L  ..n 
 an-^, and found t o  be i 5  KC. 

ExcJpt f o r  t he  improper read- 
i ng ,  t he  measurement appeared 
t o  operate normal ly.  It i s  
r e c m e n d e d  t h a t  t he  measure- 
ment be r e c a l i  brated du r ing  
post  s t a t i c  operat ions a t  
H ichwd.  The adapter was no t  
removed f ran  5-18-2 a t  STTE. 

The improper reading i s  sus- 
pected o f  be ing caused by one 
o f  two factors :  

1.  A misadjustment o f  r a t i o  
capac i to rs  i n s i d e  the  
l i q u i d  l e v e l  adapter. 

be ing out of to lerance.  
2. The l i q u i d  l eve l  probe 

Except f o r  t he  improper read- 
i ng ,  t he  measurement appeared 
t o  operate normal ly.  I t  i s  
r e c m e n d e d  t h a t  t he  measure- 
ment be recal  i brated du r ing  
post s t a t i c  operat ions a t  
Hichoud. The adapter was no t  
removed f r a n  S-IB-2 a t  STTE. 
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UNSATISFACTORY CONDITION REPORT (CONTINUED) 

PART NAME 
UC R PART NUMBER 
NUMBER SERl  AL NUMBER 

01766 L i q u i d  Level 

- 

Adapter 
50C 10699 
31 

01767 L i q u i d  Level 
Probe 
50C 10205 
2127 

01768 L i q u i d  Level 
Probe 
50C10205 

, 2149 

DESCRIPTION 

During a LOX tank ing  tes t  p r i o r  t o  SA-29, 
t h e  output  of each l i q u i d  l e v e l  measure- 
ment was observed a t  a DDAS Ground S t a t i o n .  
When LOX covered t h e  probe i n  t h e  
center  LOX tank,  t h e  measurement i n d i c a t e d  
41.7 inches of LOX. I t  should have i n d i -  
cated 40.3 inches. 

Fo l l ow ing  t e s t  SA-29 t h e  c o n d i t i o n  o f  t he  
d i s c r e t e  l i q u i d  l e v e l  probes was i n v e s t i -  
gated. A t  t h i s  t ime probe 4 o f  L19-01 pro-  
duced 33 m i l l i v o l t s  across a 500 ohm load 
a t  28 ,vo l t s  a p p l i e d  t o  the  lamps. The 
minimum output  should have been 40 
v o l t s .  

m i l l i -  

Fo l l ow ing  t e s t  SA-29 t h e  c o n d i t i o n  o f  t h e  
d i s c r e t e  1 i q u i d  leve l  probes was inves t i ga ted .  
A t  t h i s  t ime  probe I I  o f  L19-02 produced IO 
m i l l i v o l t s  across a 500 ohm load a t  +28 
v o l t s  app l i ed  t o  t h e  lamps. The minimum out-  
pu t  should have been 40 m i l l i v o l t s .  

REMARKS 

The improper reading i s  sus- 
pected o f  be ing caused by 
one of two fac to rs :  

1 .  A misadjustment o f  r a t i o  
c a p r c i t o r s  i n s i d e  t h e  
l i q u i d  leve l  adapter. 

2. The l i q u i d  l e v e l  probes 
being out o f  to lerance.  

Except f o r  the improper read- 
i ng, t h e  measurement appeared 
t o  operate normal ly .  I t  i s  
recommended t h a t  t he  measure- 
ment be reca l  i b ra ted  d u r i n g  
post  s t a t i c  operat ions a t  
Michoud. The adapter  was 
n o t  removed f rom S- I  8-2 a t  
STTE. 

The suspected cause of  t he  
low output  i s  t h a t  one o f  i t s  
two lamps i s  burned out. 

Except f o r  i t s  low output  t h e  
probe operated normal l y  dur ing  
t e s t  SA-29. I t  i s  recommended 
t h a t  t h e  f a u l t y  probe be re- 
p laced du r ing  post  s t a t i c  
operat ions a t  Michoud. O f  a 
t o t a l  o f  135 probes on S-IB-2, 
s i x  probes became f a u l t y  d u r i n g  
S t a t i c  Test Operations. Be- 
cause o f  the i naccessi b i  l i t y  
o f  these probes (they cannot 
be rep laced a t  S t a t i c  Tes t ) ,  
and because o f  t he  l a r g e  t o t a l  
number ( I 3 5  probes), t h i s  4% 
f a i l u r e  r a t e  i s  considered 
h igh.  I t  i s  the re fo re  
recommended t h a t  a search 
be conducted t o  f i n d  a more 
ruggedized d i s c r e t e  l i q u i d  
l e v e l  probe. 

The suspected cause o f  t h e  low 
output  i s  t h a t  one of i t s  two 
lamps i s  burned out o r  t h a t  
i t s  p r i sm i s  ou t  o f  t h e  probe. 

Except f o r  i t s  low output  t h e  
probe operated normal ly  d u r i n g  
t e s t  SA-29. I t  i s  recommended 
t h a t  t h e  f a u l t y  probe be re- 
p laced du r ing  post  s t a t i c  
operat ions a t  Michoud. O f  a 
t o t a l  o f  135 probes on 5-18-2, 
s i x  probes became f a u l t y  d u r i n g  
s t a t i c  t e s t  operat ions.  Because 
o f  t h e  inaccess i  b i  Ii t y  of  these 
probes ( they cannot be rep laced 
a t  S t a t i c  Tes t ) ,  and because of 
t h e  l a r g e  t o t a l  number (135); 
t h i s  4% f a i l u r e  r a t e  i s  con- 
s ide red  high. I t  i s  the re fo re  
recanmended t h a t  a search be 
conducted t o  f i n d  a more 
ruggedized d i s c r e t e  l i q u i d  
l e v e l  Drobe. 
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PART NAME 
UCR PART NUMBER 
NUMBER SERIAL NUMBER - 

UNSATISFACTORY CONDITION REPORT (CONTINUED) 

DESCRIPTION 

01769 L i q u i d  Level Evaluat ion of  records of t e s t  SA-29 revealed 
Probe t h a t  probe 1 1  of L20-F1 produced an e r r a t i c  
5OC 10205 output. Tests revealed t h a t  t he  output  o f  
21 19 t he  probe generated a va ry ing  vo l tage  fran 

50-80 m i i i i v o i t s .  T i i s  changing vo i tage  
causes an apparent i n t e r m i t t e n t  ope ra t i on  
of i t s  assoc iated anpl i f i er. 

01770 L i q u i d  Level The res i s tance  readings of t he  s o l a r  c e l i  i s  
Probe extremely lcw (15K ohms) c&pared t o  the  
50C 10205 o the r  s o l a r  c e l l s  (5OK t o  200K ohms), re- 
2122 s u l t i n g  i n  a la*. vo l tage output  and a 

p o s s i b i l i t y  o f  the probe not  operat ing 
du r ing  f l i g h t .  This i s  probe 14 o f  L20-Fl. 

01771 L i q u i d  Level Eva lua t i on  o f  records of t e s t  SA-29 revealed 
Probe t h a t  probe 1 of L2O-F2 produced an e r r a t i c  
50c io205 output. Tests  revealed t h a t  t he  output  of t he  
2094 probe generated a va ry ing  vo l tage  f rm 43-53 

m i  1 l i v o l t s  (approximately). Th is  changing 
vo l tage  causes an apparent i n te rm i  t tent  
operat ion o f  i t s  associated a n p l i f i e r .  

RENARKS 

The suspected cause o f  t he  
i n t e r m i t t e n t  ope ra t i on  i s  a 
mal funct ion of the s o l a r  
c e l l .  

It i s  r e c m e n d e d  t h a t  t h e  
f a u l t y  probe be rep laced 
du r ing  post  s t a t i c  t e s t  
operat ions a t  Hichoud. O f  
a t o t a l  of 135 probes on 
5-18-2, s i x  probes became 
f a u l t y  du r ing  s t a t i c  t e s t  
operat ions.  Because of t h e  
inaccessi b i  1 i t y  of these 
probes (they cannot be re-  
p laced at  S t a t i c  Test ) ,  and 
because o f  t he  l a rge  t o t a l  
number (135); t h i s  4% f a i l u r e  
r a t e  i s  considered high. I t  
i s  t h e r e f o r e  r e c m e n d e d  t h a t  
a search be conducted t o  f i n d  
a more ruggedized d i s c r e t e  
l i q u i d  l e v e l  probe. 

The cause may be a t t r i b u t e d  
t o  one of t u o  fac to rs :  

1. So la r  c e l l  p l a t e s  opening 

2. Breakdown o f  s o l a r  c e l l  
UP. 

res is tance.  

The probes operated a t  c o r r e c t  
t ime du r ing  s t a t i c  f i r i n g ;  
however, No. 14 was i n h i b i t e d  
by the  no ise  caused by No. 1 1 ,  

O f  t he  t o t a l  o f  135 probes on 
5-18-2,  s i x  probes became 
f a u l t y  du r ing  S t a t i c  Test 
p"- rs.ation;. Because of t h e  

inaccessi b i  1 i  t y  of these 
probes ( they cannot be re- 
p laced a t  S t a t i c  Tes t ) ,  and 
because o f  t he  l a rge  t o t a l  
number (135 probes),  t h i s  4% 
f a i l u r e  r a t e  i s  considered 
high. It i s  t h e r e f o r e  
recarmended t h a t  a search 
be conducted t o  f i n d  a more 
ruggedized d i s c r e t e  l i q u i d  
l e v e l  probe. 

The suspected cause of t he  
i n t e r m i t t e n t  ope ra t i on  i s  a 
ma l func t i on  of the  s o l a r  c e l l  
and/or f a i l u r e  of 1 l i g h t  i n  
the  probe. 

I t  i s  recanmended t h a t  t h e  
f a u l t y  probe be replaced dur- 
i n g  post  s t a t i c  t e s t  operat ions 
a t  Michoud. O f  a t o t a l  o f  135 
probes on S-IB-2 s i x  probes 
became f a u l t y  du r ing  s t a t i c  
t e s t  operat ions.  Because o f  
t he  i naccess i b i  1 i t y  of these 
probes (they cannot be re- 
p laced a t  S t a t i c  Tes t ) ,  and 
because o f  t he  l a r g e  t o t a l  
number (135). t h i s  4% f a i  l u r e  
r a t e  i s  considered high. I t 
i s  the re fo re  r e c m e n d e d  t h a t  
a search be conducted t o  f i n d  
a mare ruggedized d i s c r e t e  
l i q u i d  l e v e l  probe. 
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PART NUMBER 
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Harness, L i q u i d  The res i s tance  readinas o f  t h e  So la r  Ce l l  
Level 
50C IO208 --  

01773 Receptacle 
lOC20548 
-- 

01 774 

01775 

01776 

Wir ing L i s t  
60C40322 -- 

LOX Prevalve 
60C20339 
I I4 

LOX Prevalve 

105 
601320339 

common lead ( p i n  20) t o  v e h i c l e  ground on t h e  
d i s c r e t e  l i q u i d  l e v e l  harness assembly i s  
extremely low compared t o  the  harness i n  t h e  
o the r  systems. The p lus  res i s tance  t o  v e h i c l e  
ground, us ing  a T r i p l e t t  630 ohmeter, reads 
from 25 X I O O K  t o  75 X IOOK ohms as t h e  s o l a r  
c e l l s  charge. I n  reverse p o l a r i t y  i t  reads 
12 X IOOK t o  200 X I O O K  ohms as the  c e l l s  
charge up. Normal readings a r e  1000 X IOOK 
ohms i n  bo th  d i r e c t i o n s .  , 

Fo l l ow ing  t e s t  SA-29, arrangements were made 
t o  per form a DDAS ( c a l i b r a t i o n  t e s t  Procedure 
3 -CH SIB-518). For t h i s  t e s t ,  f l i g h t  measure- 
ments a re  removed from the  i npu t  o f  t he  
telemetry-DDAS system by d isconnect ing f l i g h t  
cables a t  t h e  t o p  o f  i ns t rumen ta t i on  compart- 
ment 13. A p r e c i s i o n  i npu t  vo l tage  i s  app l i ed  
when a ground cab le  i s  connected a t  t h i s  
po in t .  Dur ing t h e  process o f  connect ing the  
cab le  t h e  i n s e r t  around p ins  KK, LL, and PP 
was s l i g h t l y  damaged. (Reference UCR 01774) 

Fo l l ow ing  t e s t  SA-29, arrangements were made 
t o  perform a DDAS c a l i b r a t i o n  t e s t  (procedure 
3 -CH 518-518). For t h i s  t e s t ,  f l i g h t  measure- 
ments a r e  removed f r a r  t he  i npu t  o f  t he  
telemetry-DDAS system by d isconnect ing f l i g h t  
cables a t  t he  t o p  o f  i ns t rumen ta t i on  compart- 
ment 13. A p r e c i s i o n  i npu t  vo l tage  i s  app l i ed  
when a ground cab le  i s  connected a t  t h i s  
po in t .  Dur ing the  process o f  connect ing 
these cables,  p ins  KK, LL, and PP were s l i g h t l y  
bent (approx imate ly  5 degrees o f f  v e r t i c a l ) .  
Reference i s  made t o  UCR 01773. 

The LOX p reva lve  on engine 8 f a i l e d  t o  g i v e  a 
c losed i n d i c a t i o n  a t  cryogenic  temperatures 
when i t  was c losed  immediately f o l l o w i n g  t e s t  
SA-29. The c losed  i n d i c a t i o n  was received 
a f t e r  t h e  v a l v e  had achieved ambient cond i t i on .  

The LOX p reva lve  on engine 7 f a i l e d  t o  g i v e  a 
c losed  i n d i c a t i o n  a t  cryogenic  temperature 
when i t  was c losed immediately f o l l o w i n g  t e s t  
SA-29. The c losed i n d i c a t i o n  was received ' 
a f t e r  t he  va l ve  had achieved ambient cond i t i on .  

4 

REMARKS 

The probable cause i s  t h a t  
t h e  harness may have a n i c k  
o r  c u t  a long  i t s  l eng th  
p e r m i t t i n g  v o l t a g e  leakage 
t o  v e h i c l e  sk in .  

I t  was a l s o  noted t h a t  t h e  
c u r r e n t  d r i v i n g  t h i s  system 
i s  approx imate ly  200 m i  l l i amps  
h ighe r  than comparable tanks. 

The system operated no rma l l y  
d u r i n g  d r a i n  and showed a double 
pu l se  d u r i n g  s t a t i c  f i r i n g .  

O f  a t o t a l  o f  135 probes on 
5-16-2, s i x  probes became 
f a u l t y  d u r i n g  s t a t i c  t e s t  
operat ions.  Because o f  t he  
i naccessi b i  1 i t y  of these 
probes ( they cannot be re- 
p laced a t  S t a t i c  Test ) ,  and 
because o f  t he  l a rge  t o t a l  
number ( I35  probes) ,  t h i s  4% 
f a i l u r e  r a t e  i s  considered 
h igh.  I t  i s  t he re fo re  
recommended t h a t  a search 
be conducted t o  f i n d  a more 
ruggedized d i s c r e t e  l i q u i d  
l e v e l  probe. 

The i n s e r t  was damaged be- 
cause o f  s l i g h t  misal ignment 
o f  t h e  connector d u r i n g  mat ing.  

Personnel have been i n s t r u c t e d  
t o  use great  ca re  when mat ing 
a l l  connectors. 

The p ins  were bent because of 
s l i g h t  misal ignment o f  t he  
connector d u r i n g  connection. 

The p ins  were c a r e f u l l y  
s t ra igh tened  and the connectors 
were p roper l y  mated. 
Personnel have been 
i n s t r u c t e d  t o  use great  
ca re  when mat ing a l l  
connectors. 

The probable cause i s  e i t h e r  
t h a t  t he  ac tua to r  p i s t o n  f roze  
o r  t he  p o s i t i o n  switches f a i l e d  
t o  ac tua te  a t  cryogenic  tempera- 
tu re .  

This  i s  a reoccu r r i ng  problem 
on many LOX prevalves and i t  
i s  recommended t h a t  f a i l u r e  
ana lys i s  be performed on the  
p reva 1 ve. 

The probable cause i s  e i t h e r  
t h a t  t he  a c t u a t o r  p i s t o n  f roze  
o r  t h e  p o s i t i o n  swi tches 
f a i l e d  t o  ac tua te  a t  cryogenic  
temperatures. 

I t  i s  recommended t h a t  a f a i l u r e  
ana lys i s  be performed on t h e  
preval  ve. 


